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Paper No. 71 
RAILWAYS. 


By 


WM. BARCLAY PARSONS, M. Am. Soc. C. E., Mem. Inst. C. E. 
Consulting Engineer 
New, Yorks) NaeYe, Uiis. AL 


Of all the innovations that distinguished the nineteenth cen- 
tury none has had so far reaching an effect, none so greatly bene- 
ficial to the whole human race, as the application of mechanical 
power to transportation, especially on land. Stupendous as 
have been the results, revolutionary as has been the character of 
such application, so gradually were the first steps taken that no 
date can be assigned to the beginning of railways. The earliest 
illustration of a railway of which the author is acquainted is 
one shown in a little book on mining engineering by Johan 
Haselberg, published in 1530. This is a tramway, in which the 
car is pushed by the miners themselves. Lorini, in his work 
entitled ‘‘Delle Fortificationi’’, the first edition of which was 
printed in Venice in 1596, gives probably the first details of 
a railway, with the rails and flanged wheels of the cars, the 
cars themselves being hauled by a cable and windlass. 

From these, or perhaps from some earlier suggestion, there 
slowly came into use small tramways, chiefly in connection with 
collieries, all of which were operated by animal power. 

Whether the inception of the employment of mechanical 
power to work railways should be attributed to the crude loco- 
motive of Trevithick in 1804; or to the rack and pinion device 

[Note:—In the preparation of this paper the author is indebted to 
various institutions, corporations and individuals for information and 
assistance, but principally to the Bureau of Railway Economics of Wash- 
ington, D. C., of which institution a large portion of the staff co-operated 
in the preparation of the statistics under the personal direction of 
Mr. Julius H. Parmelee—Wm. Barclay Parsons. | 
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of Blenkinsop in 1811; or to John Stevens of Hoboken, New Jer- 
sey, who, reasoning from the success achieved by Fulton and 
from experiments of his own with steam propelled boats, was 
the first to foresee the modern railway operated by locomotives 
at high speed for passengers as well as freight, which he described 
in 1812 in his memorable letter to the Canal Commissioners of 
New York, advocating such construction across the State rather 
than the canal then under contemplation; or to the first loco- 
motive of Stephenson placed on the Killingworth colliery line in 
1814, or to the Stockton and Darlington Railway in 1825, the 
first real railway to be completed; or to the recognition of the 
achieved success of steam locomotion as demonstrated at the 
Rainhill experiments in 1829, one cannot say. All have justi- 
fiable claims to the honor. Since an average of these dates gives 
the year 1815, it perhaps can be said that the present year marks 
the completion of the first century of railways. 

During that century railways have grown from a most hum- 
ble beginning, the equivalent of an improved turnpike on which 
anyone could on payment of tolls run his own vehicles, denounced 
as dangerous by their opponents, laughed at as visionary by those 
disinterested, and timidly defended by their adherents, to become 
the greatest single industry of all times. The combined ecapital- 
ization of the railways of the world is approximately $50,000,- 
000,000, or twice the estimated wealth of all kinds of the United 
Kingdom, France and the United States in 1815, while these 
same railways afford direct employment for not less than 6,500,- 
000 persons, exclusive of those engaged in mining coal and ores 
to be used by railways, and in the manufacture of rails, rolling 
stock, equipment, and other railway supplies in establishments 
other than those operated directly by railways themselves. What 
this additional number of persons is who thus indirectly earn a 
living through railways can not be estimated with any accuracy. 
The above totals are exclusive of local railways in cities and so 
called ‘‘interurban’’ railways, electrically operated, which lat- 
ter in recent years have had so extensive a growth, especially in 
the United States. 

This extraordinary development of railways in the com- 
paratively short space of 100 years from nothing to dimensions 
whose figures can be stated, but not grasped by the mind, is still 


TABLE I 
MILES OF MAIN LINE oF RAILWAY, REGARDLESS OF NUMBER OF TRACKS, IN 
EUROPE 
[ Opening ne | i ie I | 
Countries Year of 1830 1840 1850 1860 1870 1880 1890 1900 1910 
[ Railways ae 4) 
United Kingdom 1825 95 838 | 6,621] 10,433] 15,537| 17,933] 20,073 21,855 | 23,389 
France 1832 - 309 1,869 5,862 | 10,830 14,736 20,834 23,623 25,072 
Belgium 1835 - 202 388 464 539 1,692 2,936 2,886 2,932 
Germany 1835 - 341 3,756 7,229 | 12,163 21,052 26,660 32,124 38,092 
Austria-Hungary 1838 - 89 981| 2,823) 5,958| 11,436] 16,437] 19,627] 23,499 
Russia and Finland 1838 - 16 373 987 6,986 14,824 18,164 32,607 41,818 
Italy 1839 - 5 265 a tea 3,825 5,340 7,983 9,864 10,538 
Netherlands & Luxemburg 1839 - 11 109 208 882 1,443 1,653 2,015 2,250 
Switzerland 1844 - - 17 681 848 1,592 1,926 2,302 2,840 
Denmark 1847 - - 20 69 471 620 1,053 1,674 2,118 
Spain 1848 - - 17 1,192 3,402 4,552 6,211 8,206 9,316 
Sweden 1851 - - - 324 1,083 3,653 4,979 7,019 8,588 
Portugal 1854 = 85 444 710 1,200 1,346 1,520 
- 42 223 656 970 1,277 1,848 
- - - - - - 1,106 
European Turkey - 41 181 866 1,097 1,952 967 
Greece 477 604 982 
Roumania L979 
Servia 3 494 
Malta, Jersey, Man. - 


*Bulgaria included under European Turkey prior to 1910. 


TABLES I AND II. 
MILES OF MAIN LINE RAILWAY 
EUROPE AND AMERICA. 


LE I 
MILES GF MAIN LINE OF RAILWAY, REGARDLESS OF NUMBER OF TRACKS, IN 


AMERICA 

Opening 1 5 

Year of 1830 1840 1850 1860 1870 1880 1890 1900 1910 

Railways ant 
United States 1829 | 23 ites 9,021 | 30,635 | 53,487 87,832 TERMI 240,439 
ieee flare Lesser | 1937 = 121 | 263 391 402 971} 1,453| 1,908| 3,368 
Canada 1840 - 16 val 2,087 2,497 6,891 13,256 17,657 24,731 
Mexico 1850 - - 7 20 217 696 6,090 9,055 15,260 
Peru 1851 - - - 55 255 1,151 1, 036 1,036 1,584 
Chile 18652 - - - 121 455 1,119 1,926 2,850 3,526 
Brazil 1854 - - - 80 429 1,988 5,903 9,195 13,279 
Colombia 1855 - - - 48 64 75 236 400 510 
Central America 1855 - - - 47 75 131 622 708 1,599 
Argentina 1857 - - - 24 454 1,560 5,848 10,269 17,384 
British Guiana 1864 - - - - 22 22 22 55 104 
Paraguay 1865 - - - - 5 45 149 157 157 
Venezuela 1866 - - - - 24 70 497 634 634 
Uruguay 1869 - - - - 61 230 700 1,144 1,546 
Bolivia - - - - 35 130 621 756 
Ecuador - - - 37 186 186 333 
Newfoundland. - - - - PUY 641 666 
Dutch Guiana - ah - - = 37 

33,508 | 68,447 102,853 | 201,772 | 249,562 | 325,913 
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without a historical record. Perhaps the development has been 
so rapid that a proper recording of it has been impossible. This 
impossibility is fully appreciated by the author of this paper, in 
the undertaking to lay before this Congress not a history of rail- 
ways but a summary in figures to show how railways have grown 
in the various countries of the world, with their equipment, what 
the earnings have been and are, the rates charged for service, 
the conditions of employment of the working staffs and the vary- 
ing methods of ownership and governmental control. The author 
is fully conscious of the shortcomings of the picture herein pre- 
sented, that many of the figures are approximate, that omissions 
are frequent and that some of the statistics are not comparable 
on account of the varying methods of reporting in different coun- 
tries. The author ventures to hope that this first attempt to set 
forth a measure of the railways of the world may lead to other 
efforts whereby statistics as complete and full as possible may be 
compiled. 

An examination of such statistics of railways as are avail- 
able indicates how very modern is the science of statistics as 
applied to transportation. ‘There is, unfortunately, still lack- 
ing an agreement in the various countries of the world as to what 
constitutes a proper basis of railway statistics, and no country has 
been consistent in the method of collecting its own data. Figures 
relating to recent years can, in many countries, be obtained with- 
out difficulty, but figures earlier than twenty years ago are 
usually incomplete or are to be received with caution. 

To show the development of railways, such figures as are 
obtainable have been gathered at the end of each decade period 
beginning with the year 1830 and ending with the year 1910. 
In some cases the figyves given are for the calendar year; in 
other cases, for the fisext year, which in the United States ends 
June 30th. 

Tables I to V give the miles of line, regardless of miles of 
tracks, that were laid at the end of each decade for the several 
countries of Europe, America, Asia, Africa and Australasia 
respectively, and the date when the first power operated rail- 
way was opened in each country. Table VI gives a recapitula- 
tion of the mileage according to continental divisions. 

In certain European countries, such as France, the rail- 
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ways are divided into two classes—those of general interest and 


Se 


those known in France as “‘intérét local’’. The statistics con- 
tained in this paper refer only to the railways of ‘‘intérét gén- 


éral’’, as they are denominated in France, and the mileage, 
therefore, of the minor lines, together with other traffic figures, 
has been omitted. In 1910 such minor lines in France agere- 
gated 5,562 miles, in Belgium 2,356 miles, in Austria-Hungary 
4,072 miles, and to a much less extent in the other countries. 
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Omission of railways of ‘‘intérét local’’, or industrial railways, 
accounts for some apparent differences in the figures in this 
paper and figures sometimes published. 

The information shown in Tables I to VI is shown diagram- 
matically in Diagram 1, in so far as the continental divisions are 
concerned and nine selected leading countries of Europe, 
America and Asia. 

An examination of these tables discloses some interesting 
changes in position. The United Kingdom, where the modern 
railway had its birth, led all European countries in mileage 
until 1870. By 1880, however, the premier position was taken 
by Germany. In 1890 France’s mileage surpassed that of the 
United Kingdom, and in 1900 Austria and Russia had done like- 
wise. The growth of the last named country has been the most 
rapid. In 1850 its mileage was negligible; in 1860 it stood sev- 
enth; in 1870, 1880 and 1890, fourth; in 1900 it was practically 
on an equality with Germany for second place, and in 1910 it 
was easily first. 

If the United Kingdom led European countries for over 
forty years, it had quickly taken second place to the United 
States, which already in 1840 possessed more than three times 
as many miles of line as the United Kingdom, and 1,000 miles 
more than all Europe. The more rapid spread of railways in 
the well populated countries of Europe, while still always leav- 
ing the United States possessed of more miles of line than any 
other one country, had reduced the United States and all America 
to second place in 1850; and it was not until thirty years later 
that American mileage exceeded European, and not until the 
decade of 1890 that the miles of line in the United States alone 
were greater than those of the whole of Europe. 

The year 1870 is seen to be a critical year in the develop- 
ment of railways generally throughout the world. In this year 
the United States increased its rate of growth, the United King- 
dom seriously decreased its growth, and Germany showed the 
effects of the war with France and entered upon a period of 
rapid growth which extended over the next ten years. The rate 
of growth in France was somewhat checked, while Russia, Austria 
and Canada increased their rate. The country, however, which 
showed the greatest change was India, following the establish- 
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ment in that year of a governmental system for the development 
of that country’s transportation facilities. 

To state simply totals of miles of railways gives no value of 
comparative density. Both area and population should be con- 
sidered. When countries are thus compared their relative stand- 
ing is greatly altered. Selecting the more important of the coun- 
tries of the world, the miles of line per 100 square miles of ter- 
ritory and per 10,000 inhabitants for the year 1912 are shown 
in Table VII. 

When a comparison is made of miles of line as related to 
area, Belgium—when the secondary lines are included—is easily 
the leading country, there being twice and a half as many miles 
as are found in the United Kingdom, and a still larger ratio than 
in Germany. If the United States possessed the same propor- 
tion of miles of line to area there would be at present nearly 
1,500,000 miles, while Russia in Europe would be served by more 
than 950,000 miles. In Europe, Norway has the smallest amount 
of line for its area, being only 1.6 miles per 100 square miles. On 
the basis of population, Argentina and Canada are the most lLib- 
eral. Sweden takes the lead in Europe with 16.2 miles per 
10,000 inhabitants, while the Balkan States are the lowest in the 
scale. 

In order to ascertain the extent of the service rendered by 
railways it is not necessary to burden this paper with details of 
railways in countries which constitute but a comparatively neg- 
ligible portion of the whole. By reference to Tables I to VI, it 
will be seen that the railway systems of Argentina, Austria-Hun- 
gary, Belgium, Brazil, Canada, Denmark, Egypt, France, Ger- 
many, India, Italy, Japan, Netherlands, New Zealand, Norway, 
Portugal, Roumania, European Russia, Spain, Sweden, Switzer- 
land, the United Kingdom and the United States constitute 85 
percent of the world’s mileage and a very much higher percent 
of the world’s traffic. 

Statistics at the end of each decade period of the various 
countries in this list have been compiled, so far as they are avail- 
able, covering the length of line, length of additional main tracks, 
capital, rolling stock, operating revenue and expense, total num- 
ber of passengers and tons carried, number of passengers and 
tons carried per unit of distance, and the receipts for such unit, 
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and the number and compensation of employes. These figures 
are shown in Tables VIII to XXX inclusive. 

In examining these statistics it will be seen-how the various 
countries differ from each other in the manner in which the 
statistics are kept. It is a source of much regret that the United 
Kingdom is one of the least progressive, although in some of the 
British colonies, such as Canada, the opposite course has been 
followed. In the United Kingdom, with but one or two striking 
exceptions, no account is kept of the passenger- and ton- miles, 
so that it is impossible to compare the results of operation of 
British railways with those of other countries. The number of 
passengers reported as carried is also deceptive. On account 
of the system of season tickets in vogue in the United Kingdom 
the total number of passengers is exclusive of this very large vol- 
ume of travel. On the other hand, the local rapid transit lines, 
such as the underground and tubular railways in London, are 
regarded as main lines and their heavy passenger traffic goes to 
swell the total number of passengers carried, although the miles 
of railway of such lines as compared with the grand total is 
almost negligible. In the United States, France and Germany 
such lines are not considered as part of the country’s railway 
mileage and the number of passengers carried is not included. 

Great as is the number of passengers carried on the various 
railways of the world, it is interesting to point out that during 
the year ended June 30, 1914, the number of passengers paying 
cash fares, exclusive of transfers, on the street railways of the 
City of New York amounted to 1,813,204,692, a number greater 
than the total number of passengers carried in any country of 
the world and substantially twice the number carried by all the 
steam railroads in the United States. 

Units in the above mentioned tables are those used in the 
various countries. In order to provide a ready means of com- 
parison, Table XXXI gives the relation of the several units of 
these various countries, with those of the corresponding units 
used in the United States. This same table can, without diffi- 
culty, be used to translate units of one country into those of any 
other country by combining the representative decimal factors. 
Thus, if a kilometer is .621 and a verst .663 of a mile, a kilo- 
meter is .621 divided by .663 verst or .937 verst, and in like 
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manner a verst is .663 divided by .621 kilometer, or 1.068 
kilometer. 

In order that the railways of the various countries can be 
readily compared, the statistics for the year 1910 have all been 
converted into American units and the totals have been divided 
by the miles of line in each country so as to get the figures re- 
duced to those per mile of line. In this way the average density 
of traffic can be obtained. These results are shown in Table 
XXXII, and to facilitate an inspection of this table the figures 
are in each ease illustrated diagrammatically. 

In some countries where a silver standard was in use in 
1910 an average rate of exchange for the year was determined 
from the most reliable figures at hand. 

It is regretted that for certain countries recent statistics 
were not procurable and for other countries covering only a por- 
tion of the system. On account of the disturbed political condi- 
tion of Mexico no Mexican figures worthy of presentation have 
been procured. For Brazil the year 1908 is the last year avail- 
able; in Egypt the figures cover the state railways only and omit 
the private lines. In Italy the figures for the private lines were 
not obtainable for the year 1910, and approximate figures derived 
from the statistics of 1907 have been used. In Spain the figures 
for 1909 are used in lieu of 1910, the latter not being available. 

An examination of this table shows the great extent of the 
railways in the United States whenever totals are stated, except 
in passengers carried and the total number of passenger train 
ears. In the first regard it takes third place to Germany and 
the United Kingdom, and in the latter, fourth place to the 
United Kingdom, Germany and France. This last statement, 
however, indicates the danger of drawing conclusions from sta- 
tistics without a thorough understanding of the statistics them- 
selves. In the United States the seating capacity of the ordin- 
ary passenger car is very greatly in excess of the seating capacity 
of corresponding cars in the other countries named, so that in 
spite of fewer cars, the total capacity of passenger train cars in 
the United States is greatly in,excess of that of any other coun- 
try. This same relative comparative capacity is still more 
marked in the case of freight cars and the mere numbers of 
freight cars used in different countries per mile of line gives no 


14 RAILWAYS 


idea of the total capacity of such cars, those used in the United 
States being in some instances many times larger than those 
used in other countries. 

When, however, the figures are reduced to a basis of per 
mile of line the real value of density is determined and the uni- 
versal preponderance of the United States then ceases to exist. 
The most striking manner in which the railways of the United 
States exceed the railways of the other countries is in the 
volume of their freight traffic. Even when the tons carried one 
mile are reduced to a basis of per mile of line the United States 
shows the greatest total, the second country being Germany, fig- 
ures for Great Britain being unobtainable. When, however, the 
tons carried one mile are compared, without the per mile reduc- 
tion, it will be seen that the ton-miles in the United States are 
7 times greater than those of Germany, 57 times greater than 
the ton-miles of Argentina, 17 times greater than Austria-Hun- 
gary, 520 times greater than Brazil, 16 times greater than 
Canada, 895 times greater than Denmark, 17 times greater than 
France, 19 times greater than India, 117 times greater than 
Japan, 1,270 times greater than Norway, 12 times greater than 
Russia in Europe, 121 times greater than Spain, 140 times 
greater than Sweden, and 299 times greater than Switzerland. 

If the freight tonnage of the United States greatly exceeds, 
both in volume and density, that of other countries, the same is 
not true of the passenger travel. Not only is the total number 
of passengers less, but the number earried per mile of line is 
very much less, being lower than Austria-Hungary, Belgium, 
Canada, Denmark, Egypt, France, Germany, India, Italy, Japan, 
Netherlands, New Zealand, Norway, Portugal, Roumania, Russia 
in Europe, Spain, Sweden, Switzerland and the United Kingdom. 
On account of the great size of the United States, as might be ex- 
pected, the total number of passenger miles exceeds that of any 
of the other countries that record such figures, but when the total 
number of passenger miles is divided by the total number of miles 
of line, the United States takes position with Norway, Spain and 
Sweden, while Belgium becomes the leading country in the 
world, with a density more than twice as great as that of France 
and nearly twice that of Germany, while Japan is second to 
Belgium. 
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The return for service rendered is shown in the receipts 
per passenger- and per ton-mile, and again it becomes unfor- 
tunate that the United Kingdom has never compiled statistics 
on this basis. The country with the lowest receipts per passenger 
mile is India, .414¢., and the most expensive is the United States, 
1.938¢., with Canada second at 1.866c. These figures by them- 
selves, however, give a very unfair comparison. In the United 
States and Canada there is practically but a single class, except 
that a very small proportion of the traveling public pay an 
additional fare for Pullman service. In the other countries of 
the world there are class graduations, in some instances as many 
as four, and a great number of passengers are carried in these 
countries at extremely low rates of fare but with a correspond- 
ingly inadequate service. In some countries passengers are 
loaded in open freight cars and in many countries the lowest 
class are carried in cars roofed over but without seats. The 
third class, where such service is furnished, is usually about 
one-third of the first class fare, and the majority of the people 
take the lower class, which brings the average down. If charges 
could be obtained in other countries for service comparable to 
that offered in the United States and Canada, with comfortable 
seats, steam heat in winter, toilet and other accommodations and 
fast express service, those two countries would be found at the 
bottom and not at the top of the list, so far as charge for service 
rendered is concerned. When, however, the receipts from freight 
per ton mile are considered, India, Canada, Japan and the 
United States are close competitors for the lowest charge, their 
position being in the above order but the difference being 
negligible. Upon this cost of service, Column 31, of Table 
XXXII, Sheet No. 6, which indicates the average yearly compen- 
sation of employees has considerable bearing. There it will be 
seen that for the countries where such figures are obtainable the 
average compensation of the United States is greatly in excess 
of that of any other country, being nearly twice that paid in 
Germany and more than twice that paid in Austria-Hungary, and 
six and a half times that paid in Japan. 

The preceding tables show the general development of rail- 
ways in respect to mileage, equipment and traffic. It is an ex- 
traordinary thing that at the end of 100 years of growth the 
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general mechanical principles of the motive power used on rail- 
ways are the same as those developed by Stephenson in his or- 
iginal engines. The detail of compounding has been introduced, 
but otherwise the general features, except as to size, of the loco- 
motives used now and then are the same; that is, a high pressure 
steam engine, with tubular boiler and cylinders in pairs, ex- 
hausting into the smoke stack. In size, however, the change has 
been most radical. From Stephenson’s ‘‘Rocket’’, with its single 
pair of driving wheels and total weight of 4.25 tons, we have 
reached an engine with 24 driving wheels, three pairs of cylin- 
ders, and the weight of the engine being 426 tons, including the 
tender, whose weight is used for traction, power being applied 
to its wheels. 

In this great increase in size of rolling stock the United 
States has been easily the leading country. With the great dis- 
tances to be traversed, with the low rates of freight, and with 
the comparatively low density of traffic, as compared with Euro- 
pean countries, there has always been great pressure for extreme 
economy, which can be reached in part by using the minimum 
number of trains with the maximum capacity not only of each 
train, but of each unit in the train. 

In regard to locomotives, the first one used in the United 
States was the ‘‘Stourbridge Lion’’, imported from England in 
1829 and actually used for a short time on the line of the Dela- 
ware & Hudson Canal Company, but this stupendous machine, 
which stood on four driving wheels and weighed the great 
amount of 8 tons, was found too heavy for actual service and 
was speedily abandoned, and for the next two years the loco- 
motives used in the United States were machines of less weight 
and less power. The failure of the ‘‘Stourbridge Lion’’, on 
account of its excessive size, did not, however, long deter either 
the railway operator from ealling for increased power of his 
engines nor the ingenuity of the locomotive builder to produce 
engines of greater and greater weight. In 1832 the Baldwin 
Locomotive Works turned out their first machine, of a weight 
of 10,000 pounds, and from that time until the present the in- 
erease in the size of the locomotives has not ceased. 

Table XX XIII gives a list of the locomotives as each in turn 
established a new high record. This table shows the year in 
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which the engines were turned out, the railway on which used, 
the shops in which built, the sizes of the cylinders and the driv- 
ing wheels, the service employed, and the total weight of the 
engine. The type of each engine is described according to the 
Whyte system, in which the first figure represents the number 
of wheels in the guiding truck, the second figure the number of 
driving wheels, and the last figure the number of wheels in the 
trailing truck. In certain cases it will be noticed that there is 
more than one set of figures denoting drivers. Such combina- 
tion indicates an articulated engine and the number of drivers 
in each section. 

In this table it will be seen that the growth of the engine, 
as indicated by weight, was substantially uniformly constant 
down to the year 1889, up to which time the heaviest freight 
engine was one weighing 154,000 pounds, with cylinders of 21 in. 
diameter by 36-in. stroke, and the heaviest passenger engine one 
weighing 127,000 pounds, with compound cylinders 20-39 in. by 
24-in. stroke. Up to this time heavier locomotives were in use in 
Europe than in the United States. In fact, as early as 1863 
there was placed upon the Northern Railway of France an en- 
gine weighing 135,000 pounds and of the type 0.6.6.0, when the 
heaviest American locomotive was a pusher engine weighing 
100,000 pounds. In 1891 the Erie, with its 195,000 pound com- 
pound, challenged Europe for the supremacy in heavy engines, 
which position the United States has not since lost, and from 
that period, as will be seen by the table, the weights of its engines 
have grown at a most astonishing rate, both as to passenger and 
freight, reaching the present climax in 1914, when the Erie once 
more took the lead with an engine of a total weight of 853,050 
pounds. It is interesting to note that the Pennsylvania pas- 
senger locomotive of 1911, with its weight of 317,000 pounds, was 
almost as large as the record freight locomotive of only seven 
years previous on the Baltimore & Ohio. 

The development of the freight car has been parallel with 
the development of the locomotive, beginning with the cars 
which were loaded with two tons, which were to be hauled by 
the ‘‘Stourbridge Lion’’. In the details of their growth, how- 
ever, early statistics are not as available as in the, case of 
locomotives. 
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Prior to the year 1902 no complete classifications of Ameri- 
can equipment were kept. Beginning with that year the Inter- 
state Commerce Commission has required the railroads not only 
to report the total number of cars in service, but to report the 
number of cars of various capacities. 

Up to about the year 1880, the size of the American freight 
car, while generally larger than the European car, did not differ 
in any striking degree from its European counterpart. Al- 
though the double truck, 8-wheel freight car was in general use, 
a large part of the coal traffic of the country was still being 
carried in two-axle cars, known as ‘‘Jimmies’’, corresponding 
to the British ‘‘waggon’’, with a capacity of 5, and of the larger 
cars 10, tons; and the standard two-truck freight car was a car 
with a capacity not exceeding 30,000 pounds. 

With the gradual replacement of iron by steel rails, and the 
general improvement of roadbed, the railway managers of the 
United States appreciated the fact that the largest car was the 
most economical, and in about the year 1882 a freight car of 
40,000 pounds capacity was adopted as the standard car. The 
success of this car quickly led to cars of a greater capacity and 
during the decade 1890 to 1900 the demands for such cars were 
more and more pronounced. In about 1897 the Pittsburgh, Besse- 
mer & Lake Erie Railroad placed an order for a car of 100,000 
pounds capacity, which had been frequently talked of but had 
never been put into successful operation. With the practical 
introduction of this car it was felt that for the moment at least 
the pendulum had swung too far, and for a great deal of traffic, 
even for coal traffic, the car was too large, and a car of the ca- 
pacity of 80,000 pounds came into use, quickly passing the 100,- 
000 pound ear in numbers. 

Table XXXIV shows the number of cars of various capaci-. 
ties In use in the United States from the year 1902 to 1914, both 
inclusive, by which it will be seen how the cars of the lower 
capacity have been steadily dropping out and the increase has 
taken place wholly in the cars of the larger capacity, so that the 
average capacity of the freight car in existence has risen from 
28 tons in 1902, to 39 tons in 1914, an increase of nearly 1 ton. 
per year or 40 percent in 12 years. 
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In order to simplify an examination of these figures, Dia- 
gram 2 has been prepared, showing the numbers of cars of 
capacity of 40,000, 50,000, 60,000, 80,000, and 100,000 pounds in 
use in the various years from 1902 to 1914. This diagram shows 
that the 40,000 pound cars, which 30 years ago were supposed 
to be the last word in car construction, have been steadily de- 
creasing so that in 1914 there were less than 49,000 in existence. 
The 50,000 pound car, which was never a very great success be- 
cause car designers appreciated almost immediately after its in- 
troduction that the 60,000 pound car was equally feasible and 
much better, has, like the 40,000 pound car, been steadily de- 
creasing, but, curiously enough, at nothing like so high a ratio, 
so that while there never was as great a number of them con- 
structed as of the smaller car there were more left in existence 
from 1908 to 1914. 

The curve shown by the number of 60,000 pound ears is 
particularly interesting. This car is shown to be steadily in- 
creasing in number from the time it was first introduced to the 
year 1908, by which time the great advantages of cars of still 
greater capacity were more fully appreciated, and from that 
year the 60,000 pound car has been decreasing in number slowly 
until 1911, and at an increasing ratio from that period to date. 
The curve shown by this car would correspond to the curves for 
the 40,000 and 50,000 pound ears, if those curves could be ex- 
tended back to the time of their first introduction, increasing to 
a certain point of maximum popularity and then decreasing as 
each in turn was surpassed by a car of greater capacity. 

The 80,000 and 100,000 pound cars have steadily increased 
from the time of their introduction, with the exceptions of the 
years 1910 and 1911 when the 100,000-pound car and the 80,000- 
pound car, respectively, temporarily decreased. From that year 
on both cars have increased, except that the diagram shows 
the 100,000 pound ear is increasing at a higher ratio than the 
80,000 pound ear, and bids fair soon to surpass it, just as the 
80,000 pound ear, in 1914, passed the 60,000 pound car in total 
numbers. 

That the end has not been reached, certainly not for the 
average car and apparently not for the maximum size of the 
ordinary commercial car as differing from a special car for heavy 
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ordnance or similar concentrated load, it is interesting to note 
that the Norfolk & Western Railway Company has placed in 
regular service cars of a capacity of 180,000 pounds. 


Number of Freight Cars 
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Although there is a general tendency throughout the world 
towards uniformity in railway details, and especially in the pro- 
motion of free intereommunication, there is in one important 
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detail, even in the year 1915, still failing of universal agree- 
ment. No one gauge or width of track has been adopted to the 
exclusion of all others, although the majority of railways use 
the accidental and inconvenient dimension of 4 feet 814 inches 
(1.435 meter). The earliest tramways in England had a gauge 
of 5 feet (1.524 meter), but the flanges of the wheels were on 
the outside. When it was realized that it would be more ad- 
vantageous to have the flanges on the inside, the gauge became 
4 feet 8 inches, the flat rails being 2 inches wide. To this figure 
Stephenson added 1% inch to give greater freedom, thus fasten- 
ing on the world the unfortunate dimension of 4 feet 814 inches, 
a figure without an exact decimal equivalent and that can not 
in caleulation be readily divided or multiplied. 

While this gauge has predominated in Great Britain from 
the beginning, it was not without opposition. Railways in Ire- 
land adopted and have always maintained a gauge of 5 feet 3 
inches, while Brunel, with his liking for great things, as shown 
in the steamer ‘‘Great Eastern’’, constructed the Great Western 
Railway with a gauge of 7 feet, the widest gauge ever laid, and 
which remained in service until 1892, when it yielded to the 
pressure of the demand for intercommunication with other lines 
and was converted to the then so-called ‘‘narrow’’ gauge, or 
what is now recognized as the standard. This contest between 
the adherents of the different track widths forms the chapter 
of the ‘‘Battle of the Gauges’’ in the development of British 
railways. 

If England can boast of the broadest gauge, it can also 
boast of the narrowest, that of 1 foot 1114 inches, on the Festin- 
iog Railway in Wales, the smallest gauge ever used in a prac- 
tically operated railway. This line was authorized by an Act of 
Parliament in 1832, but was operated by horses until 1863, when 
steam locomotives were introduced. It is still in service. 

On the continent of Europe the English standards and de- 
tails were copied in the first lines to be constructed, so that the 
dimension of 4 feet 81% inches, whose approximate metric equiva- 
lent is 1.435 meter, which in computation is quite as inconveni- 
ent as the English figures became the standard; but as in Eng- 
land, this gauge has not become universal. Russia, whose railway 
system was begun without any connection, or perhaps any thought 
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of connection, with those of other countries, adopted a gauge of 
5 feet (1.524 meter), which it has always maintained for military 
reasons. To this same gauge have the Russian railways in Asia 
been built, thus breaking continuity with the connecting Chinese 
lines, which are of 4 feet 814 inch gauge. Spain also adopted an 
odd gauge, in this case 5 feet 6 inches (1.676 meter) and main- 
tains it, as the Russians do theirs, with the idea of defense against 
easy invasion. Portugal has naturally followed its only neigh- 
bor. All other countries in Europe have adopted the standard 
gauge for their main lines, except as in all of them secondary or 
local lines have been constructed on narrower gauges. With 
these exceptions, the gauge of 4 feet 814 inches is the standard 
gauge of the main lines of continental Europe. 

In Asia the Indian railways, the largest Asiatic system, are 
divided chiefly between a ‘‘broad’’ gauge of 5 feet 6 inches and 
a narrow gauge of 1 meter. The Chinese lines, except in Yun- 
nan, where they connect with the French railways in Tongking 
of meter gauge, have been built to the 4 feet 844 inch gauge. 
The Siberian lines use the Russian gauge of 5 feet. 

In Africa the gauges are mostly 3 feet, meter, and 3 feet 6 
inches. In South America there is great diversity, lines being 
built to gauges of 1 meter, 4 feet 814 inches, and 5 feet 6 inches. 
In Mexico, Central America and the West Indies the principal 
gauges are 3 feet, meter, and 4 feet 814 inches, with the larger 
gauge predominating except in Panama, where the gauge is 5 feet. 

Table XXXV has been prepared in which nine countries 
have been selected in Europe, one in South America, two in 
North America, three in Asia, and two in Australasia, as speci- 
men countries, showing the different gauges and the amount of 
each in use. 

_ In the United States the greatest number of different gauges 
of any country have been used, although of late there has been 
rapid concentration to the standard gauge of 4 feet 814 inches. 
The first railways, such as the Baltimore and Ohio and the Dela- 
ware and Hudson, copied the Stephenson standard, but in a large 
country where local and not national interests predominated, 
and where in the early days the importance of through running 
was not appreciated, other gauges came into use. In the South- 
ern States a gauge of 5 feet was used quite generally, and in 
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New York and Pennsylvania, the Erie Railroad, the first long 
line of importance to be completed, adopted a gauge of 6 feet, 
TABLE XXXVI 
UNITED STATES RAILWAYS 
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with the avowed purpose of keeping other railways from invad- 
ing its territory. Many of the EHrie’s connecting lines were built 
to the same gauge and it was not until about 1890 that the last. 
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portion of it was taken up. During the period from 1870 to 
1880, especially in the mountain districts of the West, then 
being opened to settlement, there was a craze for a narrow 
gauge, and many were the enthusiasts who claimed that a gauge 
of 3 feet would soon drive all other gauges out of existence. The 
number and extent of the various gauges in use at various times 
in the United States are shown in Table XXXVI. The great 
diversity of gauges, which continued to increase even until 1889, 
and the subsequent rapid decrease is strikingly shown. In 1914 
the lines whose gauges are other than the standard are lines of 
minor importance or ones on which there is no through running. 
It is to be noted in using this table that the figures for 1880 are for 
miles of track, whereas in the other years they are for miles of 
jin LS, 

Of the 628,000 miles of railway as shown in Table VI as in 
use in the world in 1910, approximately 440,200 miles are of the 
standard gauge (4 feet 814 inches), 88,000 miles are of wider 
gauge, and 99,800 miles are of narrower gauge, the percentage 
being as follows: 


PSU WAGE ROD PRUNES) oo oe Soe crxiey cho naceS 70% 
Widen Gag ese ares entree ee ee 2 eee ee 14% 
INSET OWE SLO Cm eee rer ete ne re eee eee 16% 


It is an unfortunate sequence of the mechanical develop- 
ment of the last century that mechanical operations can not be 
carried on without a tremendous toll in persons both killed and 
injured, and the operations of our railways are no exception to 
this rule. Nineteen countries compile statistics of persons killed 
and injured, and dividing them into passengers, employees, and 
persons other than passengers and employees, putting under the 
last class trespassers and other miscellaneous cases of persons 
who met with death or injury not as the direct result of trans- 
portation, so far as these figures are obtainable they are shown 
in summary in Table XX XVII, and in detail for 16 countries 
in Table XX XVIII, for the four last decade periods. 

When the numbers killed and injured for the several coun- 
tries separately are examined the United States stands out with 
totals that, without explanation, are appalling, and as the figures 
for the years subsequent to 1910 are readily available the details 
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down to and including 1914 have been appended, by which it 


will be seen that in spite of all precautions and improvements the 


figures are steadily increasing. 


So far as the United States is concerned it will be noted that 
the increase in injured is increasing in a much higher ratio than 
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the increase in killed. In 1880 the ratio of injured to killed was 


2 tol. In 1914 the ratio was 19 to 1, with an in- 


approximately 


d. This does not 


creasing ratio for each intervening decade perio 


d, 


mean that there has been so great an increase in persons injure 


but rather an increase in the number of injuries reported. In the 
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earlier years only serious injuries were reported. In later years, 
on account of an appreciation of the advantage of accuracy in 
statisties, but more especially undoubtedly on account of greater 
stringency of liability law and increased possibility for claims 
for indemnities, injuries are now reported as such that in prior 
years would have been neglected, both by the companies and by 
the persons suffering them. 

To compare relative safety in different countries, reference 
must be made to something more than the mere totals. Usually, 
in the case of passengers the basis of comparison has been the 
total number of passengers carried, but this again is not fair to 
those countries where the passenger journey is long, and it 
would seem as if the proper basis on which to compare the safety 
to passengers carried is on the number of passenger miles tray- 
eled. A comparison between the various countries has, therefore, 
been worked out (1) on the ratio to the number of passengers 
carried, and (2) on the ratio to the number of passenger miles. 
Inasmuch as Italy, The Netherlands and the United Kingdom 
do not report passenger miles, no comparison with these coun- 
tries is possible under the last heading. 

On the basis of passengers carried, the countries, in 1910, 
stood in the order of safety as shown in Table XX XIX. 

When the countries are reduced to the basis of passenger 
miles they stand in the order shown in Table XL. 

Regarding passengers injured, the respective comparison to 
passengers carried and to passenger miles is shown in Table XLI 
and Table XLII. 

When comparing employees, the basis has been assumed of 
per 1,000 employed, figures for which are obtainable in all coun- 
tries except Italy, The Netherlands, Spain, Sweden and in the 
United Kingdom. See Tables XLIII and XLIV. 

In respect to others than passengers or employees, the basis 
of length of line has been taken, although a proper basis would 
be the relative density per mile of line, if such figures could be 
obtained. 

On the basis of miles of line, without regard to density, the 
countries stand in the order shown in Table XLV and Table 
XLVI. Of persons other than employees the greater number 
consists of trespassers. 
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TABLE VIII 


ALReGHPiNotaLevekia RE PAuUeBeie rec 


Length of Line 


Locomotives 
Passenger Train Cars 
Freight and Other Cars 


Total Operating Revenue 
Total Operating Expense 
Net Operating Revenue 


Passengers Carried 
Passrs.Carried 1 kilometer 


Tons Carried (Metric) 
Tons Carried 1 kilometer 


Number 
Metric Ton Km. 


Avg.Number of Employees 
Compensation of Employees 


285,108 | 5,379,898 18,835,705 | 62 ,964, 486 


9,415 


16 ,533 


321,102,691 


531,398,720 


a aa 
2,502,569 | 6,560,417 
1,356,252] 3.072185 
1,146,317] 3,488'232 


563,134 
438 , 961 
124,173 


26, 049 , 042 
17,585. 406 
8,463,636 


41,401,348 
23,732,754 
17,668,594 


747,684 | 1,948,585] 2,751,570 


10, 069 ,606 


18,296,422 


274,501 


5,420, 782 


TABLE IX 


ASUESE TERSISA = HUE NSGTASREY 


110,941,406 
65,929 627 
45,011,779 


_— 
1880 1890 


Kronen 6,071,148 ,478 


7,651,357,122| 5,684,508,142| 3,867,329,070| 9,551,837 


,212 


9,979 , 266,248 


37,840.7 
6,514.5 


‘1900 1910 
——— 
State or State or 
‘ All All Operated Private Operated Private 
é Railways Railways By State Railways Total By State Railways 
Line Kilometer 18,415.7 26 ,469.4 23,376.6 8,229.6 31,606.2 32,173.4 5,667.3 
Second Track Kilometer 1,742.2 2,879.4 1,802.6 2 Tele 7, 5,426.3 5,001.6 1,512.9 


2,585,535 ,643 | 12,564,801,891 


rs 1880 and 1890 items in gulden and kreuzer have 
into kronen and heller, one guiden being two 
ne kreuzer being two heller. 


Number 5 eve - - 8,280 
Number 13,897, - - 20,516 
Number 118,531 - - 177,389 
Kronen 525,548,756 687,764,690 490,880,522 412,667,677 903,348,199 
Kronen 493,666,480 548,981,820 - - = 
Kronen 31,882,268 138,782,870 = = " = 
Kronen 21,810,396 33,184,664 ~ : - - 
ied Number 40,452,395 97,811,991 129,941,799 92,568,509 222,510,308 292,540,152 
1 Kilometer | Number 1,964, 246,185 3,703,814,869 | 4,519,630, 023 2,994,499,058 7,514,129, 061 9,627,439 ,210 
Heller 4.52 a0) = - 2.84 
Metric Tons 49,801,001 92,782,063 68,095,175 85,941,310 154,036,485 139 , 039, 740 
Metric Tons | 4,976,101,999 | 9,886,326,762| 8,585,283,909 6,905,674,246 | 15,490,958,155 | 18,047,379 ,334 
Heller per 6.32 4.82 - - 4.23 
Met.Ton 
Number 127,990 177,142 - - 295,446 
Kronen 124,756 ,330 180,784,668 - 324,092 , 366 


11,209 
27,424 
233/523 


1,455,564, 034 


102,080,379 394,620,531 
2,298.874.672 | 11,926,313, 8382 


3.09 


57,950,383 
3,806,938, 721 


196,990,123 
21, 854,318,115 
4.59 


408 ,564 
586,941,206 


State State State 
Unit eilways | Railwaye Railways 
Length of Line Kilometer a 13.5* 
Length of Second Track Kilometer - 


Locomotives Number 
Passenger Train Cars Number 
Freight and Other Cars 


206,369,880 
252 


2,219 
6,942 


29,644,505 
14} 300; 788 
15/343, 717 


5,355,946 
3,077,994 
2,277,952 


Totel Operating Revenue 
Total Operating Expense 
Net Operating Revenue 

Taxes 


5,900, 051 


4,188,614) 7,412,361 
1,238,886 | 3,678,002 


'|Passengers Carried Number 2,199,319 
Passre.Carried 1 kilometer | Number - 
Avg.Receipte per Passr.km. Centimes - - 


Tons Carried Metric Tons 


Tons Carried 1 kilometer Metric. Tons 


102,154 
Avg-Receipts per ton kn. Cts.per Met.Ton 


a 


= 
Kilometers in operation. 


Length of Line 
Locomotives 


Freigh 


Net Operating 


Tons Carried 


Reis 141 89 142 
Avg.Number of Employees [tumber | 27 a2 | 24,136 35,256 | 


Passenger Train Cars 
and Other Cars 


Total Operating Revenue 
Total Operating Expense 


Passengers Carried 
Pasers.Carried 1 kilomete 
|. AvgeReceipts per Passr.kKn 


Tone Carried 1 Kilometer 
Avg.Receipts per Ton Km. 


o*| 3,250. 
1,334.4 


| 209,162,096 


45,366,359 | 113,909,961 | 142,251,819] 40,966,925] 162,218,744 9¢ 
25,658,033 68,850,660 84/510,102 | 21,054/885 | 105,564/987 | 141°954'099| 1 
19/808; 326 45,069,291 56,741,717 | 19,912,040 76,653,757 67,207,997 


: 


ce 
- - Ts - 29 =ay ¥5' 


7,614, 16,812,311 26,833,678 | 16,155,834 41,062,742 


a Td 


14\¢ 


wees 
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84,315,020| 56,846,292] 46,839,655 
65,615,905 | 50,595,695| 31/611'4898. 
Revenue 18,699,115| 6)250/597| 15’228'3167 


20,541,448 | 26,340,932] 4,822,966] 31,162,898 | 
594,569,608 | 592,598,918 | 144/494/912 | 737/093/8a0 | 
29 27 43 30 


Metric Tons 
Metric Tons | 458,626 


2,484,813 2,961, 086 | 
0,521,270] 277,652,601 


,560 | 44 


TABLE XII 
CA A A 
1842 1850 1860 1870 ] 1680 1890 1900 
Private |Private | Private Private State Private State Private Stete Privete 
Iten Unit Railways| Railways | Railways Reilweys | Railways Railwaye Total Railways Railways Total Railways Railwaye Total 
at 
Length of Line Miles 16.00 71.00 2,087.00 2,497.00 1,038 5,753 ai 1,182 12,074 13,256 1,611 | 16,146 17,657 
Length of Second Treck Miles - - - - - - = = = = = - - 
— ——= = 
Total Capital Dollars | - - = - 41,858,527 | 328,957,283 | 370,815,810 | 57,347,826 729,099,985 | 786,447,813 | 64,185,079 | 934,418,559 | 998,603,638 
Stocks Dollars e = - - - 189,956,177 | 189,956,177 = 338,177,386 | 338.177,386 = 410,326,095 | 410,326,095 
Bonds Dollars 3 = S - = 80,661,216 | 80,661,316 = 269,728,826 | 269,728,626 - 381,161,827 | 581,181,827 
Government Aid-Private Railways Dollars - - - - - £8 ,339,790 58 339,790 - 121,193,772 | 221,193,772 - 142,910,637 | 142,910,637 
Locomotives Sliamber - - - 129 1,028 1,157 214 1,577 1,771 249 2,033 2,282 
Total Passenger Train Cars Number - - - - 144 1,026 1,170 265 ,1,753 2,018 357 . 2,461 2,81€ 
Freight Cars Dumber - - 3,308 20,771 24,079 6,584 43,474 50,058 7,812 59,706 67,518 
| rote1 Operating Revenue melieeell 13,650 5 6,839,409 | 15,451,289 | 1,620,149] 21,941,298 | 23,561,447 | 3,173,712 | 43,670,114 | 46,843,826 | 4,774,162] 65,966,108] 70,740,270 
Total Operating Expense Dollars 10,744 - - 1,770,060 15,070,645 16,840,705 3,827, C62 29,086,288 32,913,350 4,665 228 43,034,570 47,699,798 
Net Operati Revenue Dollers 2,906 - - - 149,911" 6,870,653 6,720,742 653,2750*| 14,583,826 13,930,476 108,934 22,931,538 23,040,472 
oy Pada © Doll : ‘ ul ay 
axes a: lO ars - - - - - - - - - - - - - 
a ie T 
Passengers Carried Number 27,041 - 1,922,227 - 672,016 6,790,932 7,462,948 1,352,352 11,468,930 12,821,262 1,939,225 19,560,950 21,500,175 
’ , ’ 
Passengers Carried 1 Mile Number - - - - - - - - - - - = 2 
Receipts per Passenger Mile Cents - - - = - | - - - - = = Ko 
Tone Carried (short tons) Number 7,716 ~ = = 599,132 9,339,726 9,938,858 | 1,420,423 | 19,367,04€ | 20,787,469] 2,213,455] 33,722,728 
fons Carried 1 Mi.(Short tons) Number - - - - = = = = A = = = 
Receirts per Ton Mile Cents - és = = = ~ 5 
Totel Employees Number - - - - is - = 
Aggregate Compensetion of Employes | Dollars - L - - - - - - oh = 
*Deficit 
TABLE XI11 
DANISH STATE RAILWAYS 
Item Unit el 1864 1870 1880 
=| {— 
Length of Line Kilometers 97 495 
Length of Second Track Kilometers - = | = 
Capital Kronor = ai = 5 
Locomotives Number - | - 113 255 
Passenger Train Cars Number - ~ 968 
Freight and Other Cars Number - - 3,862 
| rotat Operating Revenue Kronor 251,626 | 1,913,956| 5,135,424 14,798,222] 26,075,537| 44,054,873 
Total Operating Expense Kronor 163,768 | 1,412,428) 4,001,822] 12,192,120] 23,476,658] 41/163/896 
[aes Operating Revenue Kronor 87,858 501,528 1,133,602 2,606,102 2,598,879 2,890,978 
Passengers Carried Number - - 2,614,480] 8,970,301 17,331,500 21,935,030 
Hessi eee can pane nee Saab - - 82,446,165 facet pee 0025 600 789,798,855 
--En. 6 - - - 29 . 2.5 
Tons Carried (Metric Tons) | Number - - 949,558] 1,537,868 3,328,104 4,885,888 
Tons Carried 1 Kilometer Number - - 74,635,755 |108, 348,130 | 266,977,518 | 417,249,844 
Receipts per Ton-Km. Ore - - - 6.C 4.5 5.0 
4Avg.Number of Employees Number - 1,074 
In addition to the above 
the following kilometers 103 
of railway are privately 
[owned 


TABLE XII. 
CANADA. 


TABLE XII. 
DANISH STATE RAILWAYS. 


1910 
State Private 
Railways Railways 


Total 
2,044 22,687 24,721, 
25 1/518 11543 
118,018,751| 1,601,060,750| 1,719,069,501 
‘3 687,557,287 687,557 587 
E 722,740,300 722,740,300 
E 1901753063 190/753 1063 


475 
536 
15,373 


3,604 
3,784 
114,988 


11,636,186 162,320,031 173,956,217 
10, 464/533 109/940,907 120, 405/440 
1,171,653 52,379,124 53,550,777 
Ss z 157921649 


4,322,840 
190,919,157 
1.804 


31,571,725 
2,275,810,507 
1.871 


35,894,575 
2,466, 7291644 
1.866 


4,847,178 €9 635 688 74,482,866 
1,175,366,371 | 14,536, 741,330 | 15,712,127, 701 
0.618 0.748 0.739 


Locomotives 
Passenger Train Cars 
Freight and Other Cars 


Tons Carried 


Total Operating Revenue Egyp 
Total Operating Expense | Egyptian Pounds 
Net Operating Revenue 


Passengers Carried _ 4,696,286 | 12,822,065 | 25,727,045 


TABLE XTV 


Egyptian Pounds 


tian Pounds 


EGYPTIAN EU Gop SE Ges) 


[a mo 


Length of Line Kilometer 1,547 2,237 
Length of Second treck Kilometer 268 290 


1,408,542 
610,124 
798,418 


385 


2,214,327 
1/026 '945 
17187; 382 


3,046,475 


| asio | 


3,400,066 
1 °973" 229 
alg »426, 1837 


3,856,493 | 


*Cantars 
TABLE XV 
FRANCE 
= 
1841 1850 1860 1870 1880 1890 
2 : 
All All AlL All All State Private 
Item Unit Railways Railways Railways Railways Railweys Railways Railways 

mgth of Line Kilometers 573.00] 3,010.00 9,439.00 17,440.00 23,729 2,530 31,019 
mgth of Second Treck Kilometers - - = 7,848.00 ' 9,482 302 13,330 
ot of Construction Francs - = 7,793,125,880 | 10,185,021,864 | 705,727,942 | 13,537,630,329 

Number = S 4,933 6,893 528 9,049 

Rumber = = 16,651 21,905 2,727 32,054 

Number - - 122,921 182,089 13,113 231,448 

France 12,972,566 | 95,618,168 | 418,287,341 | 634,263,983 | 1,034,923,252| 36,097,756 | 1,099,094,260| 1,135,192,016 50,187,070 | 

Francs 8,298,329 | 44,764,689 | 187,879,823 | 313,035,779 516,555,020| 24,972,447 558,033,727 583,006,174 | 36,132,407 

Francs 4,674,037 | 50,853,479 | 230,407,518 | 321/528/204 519,368,232 | 11,125,309 541,060,533 552,185,842 | 141054663 

France 305,600] 1,907,049 20,831,176 34,414 809 81,098,319 | 13,037,825 299,319,952 312,357,777 81740839 

Number 6,378,666 | 18,741,415 56,528,613 | 102,597,839 165,105,603 | 8,686,986 232,431,720 241,118,706 | 12,722,147 
Para=Carried: 1 Kiloneteri| amber 112/602, 286 = 2,521,201,667 | 4,272,346,298 | 5,862,602, 096 | 358,481,014 | 7,584,478'635| 7,942/959'649 | 577°355 540 
ceipts per Passr. Km. Centimes | 7.00 = Bs64 4.95 5.04 3.51 4.44 4.40 e799 
ns Carricd (Metric) Number 1,059,793 | 4,271,057 23,137,769 37,065,775 80,773,680| 2,760,253 89,745,665 92,505,918 3,906,955 
ne Carried 1 Kilometer | Number 38,768,850 - 3,119,946, 899 | 5,086 |960,270 | 10,350,209, 739 | 306,7671457 |11,452'316 631 11, 759,084,088 | 439'447' 480 
ceipts per ton - Km. Centimes 12.00 - 6.92 6.14 5.95 5.57 5.44 5.45 5.26 
tal Employees Number - ‘| -" - 128,398 204,702 | 10,790 222,209 232,999 


lot Reported. 


TABLE XVII. 

TABLE XVI INDIA. 

GERMANY ’ 

1880 if 1890 1900 1910 : { 

Standard and Standard and Standard and Standard and 
Narrow Gauge Narrow Gauge Narrow Gauge Narrow Gauge 
Railways,either Private Railways Railways ,either | Private Railways Railways,either | Private Railways Railweys,either | Private Railways f 
Owned or Operat- | (Standard and Owned or Operet- | (Standard and Owned or Operat- | (Standard and Owned or Operat- | (Standard and | 
Item Unit ed by the State Narrow Gauge) Totals ed by the State Narrow Gauge) Totals ed by the State Narrow Gauge) Totals ed by the State Narrow Gauge) 

Length of Line Kilometer 26,218.09 7,682.21 33,900.30 28,841.25 4,368.76 42,930.01 46,681.71 51,729.86 56,765.01 4,682.91 61,437.92 
Length of Second Track Kilometer 8,115.13 1,813.75 9,928.88 11,880.16 829.74 12,709.90 17,263.85 17,969.90 22,783.27 101.09 22,884.26 
Length of Third Track Kilometer 36.48 - 36.48 66.66 66.66 160.78 169.50 347.07 347.07 
Length of Fourth Track Kilometer 3.87 - 3.87 22.01 - 23.01 108.81 117.53 266.61 - 266.61 
Length of Fifth Track Kilometer - = - - - 5.06 - 5.06 
Capital Marks 7,399,175,663 1,491,157 ,667 8, 620,333,230 9,811,034,930 699,323,427 10,510,358,357 | 12,231,327,221 616,807,791 12,848,135,012] 17,084,735,977 432,608,336 17,518,344,315 

E a 
Locomotives Number 9,000 906 10,906 13,471 931 14,402 18,382 1,080 19,462 26,778 27,662 
Passenger Train Cars Number 17,089 4,154 21,243 26,388 2,189 28,577 39,094 2,706 41,800 59 ,438 6] .638 
Freight and Other Cars Number 189,657 36,074 225,731 272,391 18,722 292,123 396,658 23,809 420,467 580,135 592,988 
Total Operating Revenue Marks 725,010,672 161,964,360 886,975 ,C32 1,235 ,050,068 72,366,366 1,307,416 ,434 1,956 ,903,668 83,740,349 | 2,040,644 ,017 2,991,767,680 58,721,169 3,050,488,8<9 
Totel Operating Expence Marke 396,497,099 90,607,656 487,104,755 755,346 ,509 40,552,311 796,898,820 1, 228,774,564 53,625,522 1,282,600, 086 2,014,223, 267 38,140,442 2,052 362,709 
Net Opereting Revenue Marks 328,513,573 71,356,704 399,870,277 479,703,559 31,814,055 511,517,614 728,129,104 29,914,827 758 , 043,931 977,544,413 20,580,727 998,125,140 
Taxes Marks 5,079,112 2,535,915 7,615 ,027 8,677,266 1,055,357 732,623 14,716 ,848 1,481,985 16,198,833 21,346,448 1,256 ,131 22,602,579 
Paseengers Carried Number 172,225,310 42,992,318 215,217,628 395,123,385 39,014,529 434,137,914 817,531,385 61,688,750 879,220,135 1,503,540,368 68,991,060 1,572,531, 428 
Passre.Carried 1 Km. Number 5, 242,649,599 1,238 ,221,678 6,480,871,277 | 10,606,755,351 679,262,902 11,286,018,253| 19,444,723,437 805,467,614 20,250,191,051 | 34,867,954,211 809,829,971 35,677,784,182 
Avg.Receipts per Passr.Km.| Pfennig 3.46 3.58 3.47 3.12 2? 3.13 2.74 2.98 2.75 2.35 2.74 2.36 
aes —f sooth --+-— 
Tone Carried Metric Tons 131,380,845 29,008,831 160,389,676 199,640,838 19,710,791 219,351,629 316,691,029 28,379,234 | 345,061,263 511,782,925 29,934,413 541,717, 238 
fons Carried 1 kn. Metric Tons | 10,941,705,161 2,133, 257,581 13,074,962,742 | 21,343,886,880 933,021,070 22,276,907,950| 33,658,576,166 1,120,907,274 34,779,483,440] 51,490,585,052 444,950,130 51,935,535,182 
Avg.Receipte per ton-Kn. Pfennig per 4.32 4.75 4.41 3.84 4.49 3.86 3.65 3.97 3.66 3.65 6.10 3.67 
metric ton 

Avg.Number of employees Nunber ] 230,856 54,028 284,984 279,886 21,467 401,353 518,236 22,742 540,978 692,579 13,945 706,524 

Compensetion of employees | Marks 236 , 382,982 51,530,313 287,913,295 446,106,022 23,351,762 469,457,754 670,100,012 27,595,780 | 697,695,792 1,122 667,534 18,610,509 1,141 , 278,043 


TABLE XVII 
INDIA 
[ 1862 1870 1878 1890 
All All r All All All 
Iten Unit Railways | Railways Railways Railways Railways 
Length of Line laiies | 15 36 7,143 16,095 24,707 
Length of Second Track | Miles - - 805 - - Ns 
a 
Capital Rupee £113,344,541 | 2,050,460,994 | 3,303,483,361 | 4,390,473,000 
Locomotives Number - - 1,630 3,662 - 7,245 
Passenger Train Cars Number - - 4,894 9,940 - 20,372 
Preight Cars Number - - 29,263 69,185 - 149,628 
Total Operating Revenue | Rupee - - B 11,236,121 204,936 ,629 315 ,967 ,000 511,422,000 
Total Operating Expense | Rupee - - &B 5,003,233 103,774,007 150,995,000 271,572,000 || 
Net Operating Expense Rupee - - LB 6,232,888 101,162 , 622 [ 164,972,000 239,850,000 
Passengers Carried Number - - 34,143,512 110,650,472 174,824,483 371,576,000 
Passrs.Carried 1 mile Number - - 920,751,905] 4,676,868 ,296 | 7,008,713,000 | 13,432,477, 000 
Receipts per Passr.Mi. Pies - - Pence 0.337 2.5 2.6 2.45 
Tons Carried (long ton) | Number - - 8,309,943 | 22,249,111 43,615 ,289 65 ,603,000 
Tone Carried 1 mile Number - - 1,941,287,686 | 3,643,797,257 | 6,698,000,000 | 12,092 ,916,000 
Receipts per ton mile Pies - - Pence 0.932 6.8 5.85 4,83 
Employees Number - 132,040 238,217 350,177 


| TABLE XVIII. 
ITALY. 


TABLE XIX. 
JAPAN. 


TABLE XVIII 
EAT LY 
| 1870 1880 1900 1910 
State Private State Private State Private l State *Private 
Item Unit Railways | Railways Total Railways | Railways Total Railways | Railways Railways Railways 

Length of Line i Kilometer 804 5,356 6,160 3,830 4,769 8,599 - 16,884 13,348 | _3,620 | 16,968 
| Capital Lire = = 1,785, 000,000 = ~ 2,616 , 737,800 5,381,147 ,053 | 6,390,000, 000 |-556,000, 000 | 6,940,000, 000 

Locomotives Number - - - - - 

Passenger Train. Cars Number - - - - - = 

Freight and Other Cars | Number - - - - = = 

Fotal Operating Revenue | Lire = = 99,343,358 = = 180,106,819 255,687,108 318,366,324 555,220,821 | 33,000,000 668,220,821 

Total Operating Expense | Lire = = 63,760,000 = = 122,262,862 173,379,424 239,516,399 443,739,631 | 26,C00,000] 469,739,631 

Net Operating Revenue Lire - 35,583,358 - - 57,843,957 82,307,684 78 ,849 ,925 91,461,190 7,000,000 98,481,190 

SS 

Passengers Carried Number - - 22,170,000 - - 32,491,827 50,855,569 59,695,420 62,407,600 28,000,000 110,407,600 

Tons Cerried Metric Tons - - 4,757,000 - - 9,329 ,073 16,483,651 17,996,331 33,943,640 4,500,000 38,443,640 

Avg.Number of Employees | Number - - - - - = 150,000 12,000 162,000 

Compensatfon offmployees| Lire | - - - - = = 245,000,000 | 13,700,000 258,700,000 


*Approximate. 


TABLE XIX 
JAPAN 
[ 1873 1880 Lb i S00 eae |... | es ae : 
State State State Private State Private State Private 
Item Unit | Railways | Railways | Railways | Railways Total Railways Railways Total Railways Railways 

Length of Line Miles 18.00 73.22 550.49 585.85 1,1% .34 832.72 4,623.51 506.05 5,129.66 
Length of Secomi Track | Miles - - - 158.15 629.33 - 629.33 
Length of Third Track Miles - - - - - 4.97 - 4.97 
Length of Fourth Track | Miles - - - 2) 5 4.57 - 4.57 
Capital Yen - - 177,029 ,493 247,008,542 784,963,769 | 34,331,457 819,295,226 
Locomotives Number - - 
Passenger Train Cars Number - - 
Freight Cars Number - - 

—— 
Total Operating Revenue | Yen 174,930 1,243,531 6,224,637 13,719,006 24,850,648 38,569,654 82.256 4 4,180,227 86.416 ,663 
Total Operating Expense | Yen 113,464 512,674 2,689,221 6,596,677 12,234,947 18,831,624 42,060,989 2,142,241 44,203,230 
Net Operating Revenue Yen 61,466 730,857 3,535,416 7,122,329 12,615,701 19, 738,030 40,175,447 2,037,936 42,213,433 
Passengers Carried Number - - 28,663,683 73,452,259 102,115,942 128 , 306 ,960 24,781,106 153, 088 , 066 
Passengers Carried 1 Mi.| Number - - 635,044,513 | 1,076,805,648 | 1,711,850,161 | 2,812 329,108 | 188,424,281 | 3,000,753, 389 
Receipts per Passr.Mi. Yen - = 0.0146 0.0131 0.0137 0.014C 0.0152 0.01408 
Tons Carried (Long tons)| Number - - - - - 2,391,471 9,428,563 11,820,034 23,655,620 2,155,853 25,811,473 
Tons Carried 1 mile Number - - - - . - 177,318,088 422,152 ,648 599,470,736 | 1,911,197,440 30,856,076 | 1,942,053 ,516 
Receipts per ton-mile Yen - - - - - 0.0210 0.0213) - 0.0212 0.0165 0.0257 0.01664 
Employees Number - 19,881 33,903 53,784 90,131 4,463 94,594 
Compensation of employes] Yen - 3,366,120 4,998,948 8,365,068 18,925,872 740,688 19,666,560 


TABLE XX 


NETHERLANDS 


1873 1880 
= 
State Privete State Private State Private 
: Item Unit Railways Railways Total Railways Railways Total Railways Railways 
Length of Line Kilometers 869 465 1,332 1,199 1,124 2,323 1,565 1,097 
‘Length of Second Track |Kilometers - 281 281 127 354 481 - 
‘Capital Gulden 96,404,502 | 60,875,974 | 177,280,476 | 152,428,908 | 107,425,016 | 259,853,924 | 258,271,000 
Locomotives Number - = = 
Passenger Trein Cars Number - - - - - - - 
Freight and Other Cars Number - - - Bs 
=e 
Total Operating Revenue /|Gulden 5,089,816 8,545 ,889 13,635,705 9,375,545 12,804,055 22,1%7 600 13, 749,637 9,826,328 | 23,575,965 | 23,789,256 | 18,863,852 
Totel Operating Expense |Gulden 5,406,490] 5,205,135 | 10,611,625 5,062,592 6,123,968 | 11,186,560 | 11,806,417| 7/299;967 | 19/106,384 | 20,809,000] 17,083,165 
Net Operating Revenue Gulden 316,674 | 3,340,754 3,024,080 4,310,953 6,680,087 | 10,991,040 1,943,220] 2,526,361 1,780,687 
Passengers Carried Number 3,435,517 | 5,894,024 9,329,541 5,989,897 9,999,896 | 15,989,793 6,664,434 | 10,305,900 | 16,970,334 
Receipts pwr Passr.um. Gulden - - - - - - = = = 
ath 

Tons Carried (metric ton|Number 879,013 907,116 1,786,129 2,236,600 2,200,785 4,437,285 4,378,798 2,377,206 6,756,004 |_ 7,273,688 4,385,361] 11,659,04% | 16,051,000 
Receipts per ton kn. Gulden - - - - -, - - - - - - +018 021 

—___—_1— 

PRBLE XXT 
NEW ZEALAND 
Iten Unit 1883 1890 

Length of Line Miles 1,358 1,809 

Capital Pounds 10,478 ,998 

Locomotives Humber - - 

Passenger Train Cars Number - - 

Freight and Other Cars | Number - - 

Total Operating Revenue | Pounds 953,347 | 1,095,570] 1,623,891 | 3,249,790 

fotal Operating Expense | Pounds 592,821 682,787 | 1,052,368 | 2,169,474 

Net Operating Revenue Pounds 360,526 412,783 571,533 | 1,080,316 

Passengers Carried Number 3,283,378 3,376,459 5,468,284 | 11,141,142 

Tons Carried Long Tons | 1,564,823 | 2,073,955 } 5,225,414 | 


Avg.Number of Employees | Number 


3,127,874 | 5,225,414 
= 12,224 


TABLE XXII. 
| NORWAY. 


TABLE XXIII. 
PORTUGAL. 


TAB: II 
NORWAY 
+ — 
| 1855 1860 1870 1880 1890 1900 
= 
All All All State Private State Private State Private 
Item Unit Railways | Railways| Rsilways Railways | Railways Total Railways Railways Total Railways Railways 
Length of Line Kilometer 68 68 359 989 68 1,057 1,494 68 1,562 1,879 178 
Length of Second Track Kilometer - - - - - - - - - - 
— — + i 
Capital Kroner 8,726,000 | 9,068,000 | 26,019,000 | 69,961,323 | 10,032,558 | 79,993,881 | 117,237,380 | 10,949,897 128,187,277 | 156,279,946 | 16,033,735 
Locomotives Fumber - 75 16 91 124 22 146 195 
eesengey Train Care Fumber - - - 334 44 378 460 58 518 471 
reight and Other Care umber a 7ES 450 2,162 2,761 556 5,817 | 5,006 6,205 
+ i i 
Total Operating Revenue Kroner 480,000 678,000} 1,868,000} 3,216,791 | 1,086,942 | 4,403,733 7,330,050] 1,697,057 9,017,107] 12,420,912] 2,765,012 | 15,185,924 | 19,615,943 | 3,846,212] 23,462,155 
Total Operating Expense Kroner 321,000 321,000] 1,219,000] 2'682'38s 607,014 | 3,289,397 5,117,925 806,772;| 5,924,698 | 10,005,960| 2,046,836 | 12,052,796 | 14,623,546 | 2,889,915| 17,513,461 
et Operating Revenue Kroner 159 , 000 240,000 649,000 534,408 479,928 | 1,014,336 %: 202,126 | 890,284 3,092,409 2,414,952 718,176 3,133,128 4,992,397 956 ,297 5,948,694 
escengers Carried Number 128,000 152,000 551,000 | 1,395,606 252,477 | 1,648,083 3,735,390 389,598 | *3,989,447 9,126, O81 [are ge *9,899,535 | 11,703,183 | 1,846,662 | *13,079,037 
sers.Carried 1 Kilometer| Number - 4,762,000 | 17,294,000 | 42,755,241 | 7,891,108 | 50,644,349 | 95,395,429 | 11,464'468 | 106.857.897 | 207,125,829 27,346,800 | 234,472,629 | 294,635,627 | 40,763,191 | 335,398,818 
vg.Receipte per Passr.Km.| Ore - Ses 2.6 - 3.4 3.3 | 3.2 3.1 3.2 2.7 - 2.8 2.8 2.8 2.8 
ions Carried Number 83,000 144,000 350,000 301,445 303,937 [ 605,382 1,057,509 495,910 | *1,325,770 7 1,815,497 926,749 | *2,307,219 4,198,976 | 1,260,315 | *4,889,339 
lone Carried 1 Kilometer Metric Tons - 5,027,000 | 19,953,000 | 28,754,759 | 9,569,902 | 38,324,661 | 72,875,782] 16,143'356| 89,019'138 124,912,493 | 28,912,971 | 153,825,464 | 256,150,872 | 37,326,872 | 293,477,744 
vg-Receipts per ton-Km. Ore per Met.Ton - 9.4 6.3 - 7.6 5.6 4.7 7.4 5.2 4,3 - 4.6 3.6 6.4 4.2 
ivg.-Number of Employees Nunber - ii - - 1,368 326 1,694 - ait - - - 
"Ae Reported. 
TABLE XXIII 
PORTUGAL 
1880 1890 1900 
State Private State Private State Private State 
Iten Unit Railways Railways Total Railways | Railways Total | Railways Railways Total Railways 
Length of Line Kilometer 594 550 1,144 828 | 1,104 1,932 843 1,325 2,168 1,024 
Total Operating Revenue | Milreis *5,627,000 | *11, 011,000 | *16,638,000 | 1,585,227 | 3,830,224 | 5,415,451 | 2,116,021 | 5,530,584 7,646 ,605 | 3,204,688 | 7,385,572 | 10,590,260 
Total Operating Expense | Milreis = = - 910,271 | 1,647,954 | 2,558,225 | 1,125,041 | 2,393,705 | 3,518,746 | 1,884,876 | 3,247,548 5,132,424 
Net Operating Revenue Milreis - - - 674,956 | 2,182,270 | 2,857,226 990,980 | 3,136,879 | 4,127,859 1,319,812 | 4,138,024 | 5,457,836 
Passengers Carried Number 971,053 1,168,101 | 2,124,154 | 1,241,204 | 3,973,977 | 5,215,182 1,760,195 | 9,149,166 [10,909,361 | 2,911,104 | 11,977,603 14,888,707 
Tons Carried Metric Tons | 253 , 285 378,131 631,416 413,683 1,812,125 | 2,225,806 694,859 | 1,870,570 | 2,565,429 | 1,185,487 | 3,659,526 | 4,844,813 
oS) eae | 


*Prancs 


TAB. Iv 


ROUMANIA 


Item 


Unit 


Length of Line 


Kilometers 


Capital Lei = 987,170,467 
Total Operating Revenue Lei 60,158,165 | 84,430,822 
Total Operating Expense Lei 35,645,927 | 53,231,141 
Net Operating Revenue Lei 14,512,238 31,199,681 
Passengers Carried Number | 5,472,038 9,169,849 
Tons Carried(Metric Tons) Number | 3,987,641 6,966,277 
Avg.Receipts per ton-kn. Lei per 


Metrio Ton-Km. 


1890 


TABLE XXY 
RUSSIA 


ae 


Unit 


State 
Railways 


Length of Line 
Length of Double or more tracks 


Versts 
Versts 


8,030.83 
105.38 


Private 
Railways 


= 


State 
Railways 


19,407.29 
4,316.65 


27,438.12 
4,422.03 


Capital 


Locomotives 
Passenger Train Cars 
Freight and Other Cars 


Rubles 


463,270,706 


1,560,496 ,434 2,023,767,140 


3, 382,043,017 


1,142,374 ,967 


Number 
Number 
Number 


1,535 
1/596 
33,150 


5,398 
6,402, 
112,461 


6,933 
7.998 
145/611 


8,840 
11} 936 
199/698 


Total Operating Revenue 
Total Operating Expense 
Net Operating Revenue 


sal Rubles 


Rubles 
Rubles 


51,544,495 
32,753 .490 
18/791, 005 


232,986,143 
139,020,792 
93,965,351 


284,530,638 
171,774, 282 
112,756 ,356 


Passengers Carried 
Passengers Carried 1 verst 
Avg.Receipts ver Passr.-verst 


Poods Carried 
Poods Carried 1 verst 
Avg.Receipts per Pood - verst 


Average number of employees 
Compensation of employees 


Number 
Number 
Copecks 


Number 
Number 
Copecks 


Number 
Rubles 


7,108,915 
790,132,000 
.93 


410,332,464 
274,699,014 
135,633,450 


172,299,236 
110; 220/985 
62/078'251 


582,631,700 
384/919'999 
197/711; 701 


39,395,760 
3,909,502, 000 
1.08 


46,504,675 
4,699 ,634,000 
1.05 


76,731,683 
8,065,546, 200 
+90 


30,268 , 581 
2,902,998 ,600 
-88 


107,000,264 
10,968 ,544,800 
«90 


714,911,925 
172,028, 925,000 
1023 


3,464,500,419 [ 4,179 412,344 
682,006 ,669,000 | 854,035,594; 000 
6024 +0243 


252,415 
81,550,268 


198,487 
64,350,136 


6, 708,655,453 
836 |631,848,210 
0204 


390,073 
131,212,634 


2,700,109, 215 
3422611 567"790 
0213 


9,408, 764,668 
1,178; 893/416. 000 
0208 


164,295 
51,873,369 


554,368 
183,086 , 003 


| Private 
| Railways Total 
42,025.31 | 21,048.20 63,073.61 
13,819.16 


11,238.52 | 2,580,64 


4,951,405,205|' 1,918,206,369 6,875,611,574 


15,264 5,025 20,289 
20,400 6,347 26,747 
327,991 127,186 455,177 


664,517,268 
468 | 064/341 
196 452.927 


| 312,429,225 
| 189/243" 795 
| 124,459,361 


977,946 493 
657,308,136 
32C,912,288 


208,110,321 
19,594, 718/100 
+90 


10,154,730,295|  4,379,675,247 14,534,605, 742 
1,276,410, 886,300 | 561/154, 228,000 | 1,837.565.114 "000 
0213 0222 -0217 


565,435 | 211,295 776,730 
233,384,915 | 86,143,131 319,528 046 


142,607,697 | 65,502,624 
14,450,326, 200 5,144, 391,900 
84 | +96 


TABLE XXVI. 
SPAIN. 


TABLE XXVII. 


TABLE XXVI 
Pisin 


Item 


Unit 1880 1890 


Length of Line Kilometer | __7,3830 | 10,002 13,214 14,607 
Capital Pesetas - |: ae 3,782,017,950 
Locomotives Number 1,245 
Passenger Train Cars Number 3,569, 
Freight and Other Cars Number 20,268 


Total Operating Revenue| Pesetas 


90,691,276 |139,218,544 


193,282,769 |261,300,000 |] 339,604,858 


Total Operating Expense | Pesetas 39,089,085 61,313,291 86,808,453 }122,000,000 166,811,599 
Net Operating Revenue Pesetas 51,602,191 77,905,253 | 106,474,316 |139,300,000 172,793,259 
Passengers Carried Number 11,501,129 |-14,812,851 32,000,000 51,408,194 
Passrs.Carried 1 Km. Number - - - 20 


Tons Carried 
Tons Carried 1 Km. 


Metric Tons 
Metric Tons 


3,737,838 | 8,088,175 31,456,774 
< = 3,085,518,819 


TABLE XXVII 
SWEDEN " 
~— ——,—- 
1870 1680 1820 1910 
State Private [ State Private State Private State Private 
Unit Railways Railways Total Railweys Railways Total Railways Railways Total Railways Railweys 
Kilometer his 627 1,744 1,956 3,926 §, 8382 2,613 5,405 8,018 7,453 
| =f! 4 
Kronor 91,144,959 | 33,228,447 [Ree be eo 191,389,676 | 227,598,207 | 418,987,883 | 255,055,498 | 262,492,784 517,548,282] 358,409,000 | 367,518,000 
comotives Number - - - i - - 376 476 852 -580 | 762 1,342 
Ssenger Train Cars Number - - - - 900 1,071 L972: 1,062: 1,532 2,594 
reight and Other Cars Number - - - 9,301 11,588 20,889 14,378 19, C35 33,4135 
tel Operating Revenue Kronor 6,791,193 | 3,969,284 | 10,760,477 | 16,490,000 | 16,019,084 | 32,509,084 | 21,972,575 | 25,426,204] 47,398,779 44,626,002] 45,671,924 90,297,92 Yi fa | 
tal Ope rating Expense Kronor 3,610,677 | 1,817,527 | 5,428,204 | 9,983,205 | 7,973,781 | 17,956,986 | 15,272,372 | 13,027,383 | 26,2991755| 33'974'804| 28'662 1631 62657 458 be Ber 430 ie 646" bes 102'877" OBB 
+ Operating Revenue Kropor 3,180,516 | 2,151,757 5,332,273 6,506,795 8,045,303 | 14,552,098 6,700,203 | 12,598,821 | 19,099,024] 10'651'198| 16.989'293 27°640'491 15,899,531 23'265'191| + 39'184'722 
’ ’ ’ , * 
Ssengers Carried Number 1,593,141 891,030 2,484,171 3,204,830 3,813,934 7,018,764 4,702,688 7,991,102 12,693,790 10,948 e822 19,881,942 30,830,763 20,500, 440 37,776,210 58,276,650 
ssrs.Carried 1 Kilometer Number - - - - - - 206,532,807 | 176,568,679 | 383,101,486 54°430° "O56" ean’ * O63" oat ae aan 
Mey Te csr Deavernermes ore a : : S re E 5 = z 4 Bi AES AST LAE LO pees ce yee eee oikawe Nadas TeBTA EES ae 
°. . . 
Carried Metric Tons 712,505 1,370,511 2,083 ,016 1,826,241 4,060,771 5,689,012 5,188,089 7,419,636 10,607,725 6,719 441 | 14,925,457 21,642,898 13,137.82 
, , ’ , , ’ , , ’ . , , A 4 ,45 5 0 23,852,810 36,990,630 
ms Carried 1 kilometer Metric Tons - - - - - - 319,677,987 | 311,199,691 | 630,877,678 | 93'539/900 | 665,272,200 | 1,458,812.100 |1,590°610,300 | 1,074°253'200| 2.664863 S00 
-Receipte per ton-Km. Ore per - - - - - - = = - = 4 a 3.91 ‘ SOE TSS 4 . 4.23 : ¥ 3.59 
Met.Ton 5 . ; - 


= es 


ae L 


“TABLE XXVIII 


SWITZERLAND 


Iten Unit 187¢ 1880 1890 

Length of Line Kilometer 1,365.6 2,563.1 3,100.9 [ 3,707.1 
| Bength of Second Track Kilometer - - 480.6 731.6 1,020.7 
Capital Francs 453,008,093 | 747,350,802 | 957,669,588 | 1,233,485,809 | 1,767,919,135 
Locomotives Number 247 543 757 1,198 1,602 

Passenger Train Cars Number 694 2,655 2,062 2,895 

Freight and Other Cars Number 3,703 8,553 9,789 13,797 
Total Operating Revenue Francs 32,963,499 60,020,371 92,795,189 142,099,023 222,437,673 
Total Cperating Expense France 16,585,951 | 31,497,203] 51,066,254 83,572,800 140,570,421 
Net Operating Revenue Francs 16,577,548 | 28,523,168 | 41,728,935 58,526,223 81,867,252 

4 

Passengers Carried Number 10,773,234 21,608,681 32,378,367 62,800,212 110,068,465 
Passengers Carried 1 km. Number 193,028,920 | 447,218,678 | 701,779,485 | 1,239,007,614 | 2,312,931 ,954 
Avg.Receipts per Passr.Km.| Centimes 9 See 5.27 4.83 4.15 
Tons Carried Metric Tons 2,574,800 5,817,008 9,389,847 14,591,416 17,023,916 
‘ Carried 1 Km. Metric Tons 105,547,114 | 295,571,317} 560,211,070 805,909,276 | 1,248,826 ,595 
«Recetpts per ton-Km. Cts.per Met.Ton 10.71 10.73 9.11 9.31 9.37 
Avg.Number of Employees Number 13,248 19,679 28,674 41,179 
| Compensation of Employees | Francs 14,408,552 22,366,026 38,649,442 69 462,774 


TABLE XXIX 
UNITED KINGDOM 


| i 1850 1860 1870 1880 1890 1900 


All All All All All All 
Item Unit | Reilways Reilways Railways ,| Railways Railways Railways 


Length of Line Miles 6,621 10,433 15,537 17,933 20,073 
Length of Second Track Miles **5 466 **6 690 **8 200 **9 803 **10,989 
Length of Third Track Miles - - - - a 
Length of Fourth Track Miles - - - - = 
Length of Fifth or More Track} Miles - | - - - 3 


Capitel Paid Up Pounds |240,270, 745 348,150,127 | 529,908,673 | 728,316,848 | 897,472,026 
Stocks Pounds |184,763,677 | 258,664,707 | 387,974,234 | 546,558,217 | 664,959,156 
Loans and Debenture Bonds Pounds} 55,507,068 89,665,420 | 141,934,429 | 181,758,631 — 


1,176, 001,890 |1,318,515,417 
865,458,329 | '964'337,470 
310,543,561 | 354/177/947 


Locomotives Number - - 9,379 13,384 16,237 21,195 22,840 
Passenger Train Cars Nunber - - 28,160 40,851 50,881 66,017 72,815 
Freight Cars Number - - 261,834 391,615 540,578 709,200 |. 766,729 
+ 
Total Operating Revenue Pounds | 13,204,669 27,766,622 45,078,143 65,491,625 79,948,702 104,801,868 123,925,565 
Total Operating Expense Pounds - 13,187,368 21,715,525 33,601,124 43,188,556 64,743,520 76,569,676 
Net Cperating Pevenue Pounds 3 14,579,254 | 23,362,618 | 31,890,501 | 36,760,146 40,058 , 338 47,355,889 
Taxes end Rates Pounds a - 926 ,806 i 2,251,087 3,757,153 5,102,000 
Passengers Carried Number | 72,854,422 | 163,435,678 | 336,545,397 | 603,885,025 |817,744,046 |1,142,276,686 |1,306,728,583 
Tone Carried (long tons) Number = 89,857,719 - | 235,305,629 | 303,119,427 424,929,513 514,428,806 


*Excluding season ticketholders, etc. 
**Double or more track. 


TED TATE 
[ Item Unit 1830 [ 1840 1850 1860 1870 1880 1890 

Length of Line Miles 23 | 2,818 9,021 | 30,635 53.,487 87,832 163,597 

Length of Second Track Miles - - - - 2,217 4,562 8,438 

Length of Third Track Miles - - - - - - 761 

Length of Fourth Track Miles - L - - - - - 562 

ae ~ - 
Capital Dollars - - - - 2,782,245,675 | 5,004,521,666 | 9,43%,343,420 11,491,034,960 | 18,417,132,238 
Locomotives Number Sell al - - 10,913 17,412 30,140 58,947 
Passenger Train Cars Number - - > - 10,768 16,805 26,820 34,713 47,095 
Freight Cars Number - - Enel ae =) 239,783 455,450 1,142,847 1,416,125 2,243,236 
—_— _ 
Total Operating Revenue Dollars 39,466,358 - 390, 712,300 580,450,594 | 1,051,877,632 1,487,044,814 2,750,667,435 
Fotal Operating Expense Dollars - - - 260,379,100 352,800,121 692,093,971 961,428,511 1,822,630 ,433 
Net Operating Revenue Dollars - 130,333,200 227,650,473 359,783,661 525,616,303 928,037,002 
Taxes Dollars - - - | cobecka heal 31,943,020 48,332,273 103,795,701 
Passengers Carried Number - - - 67,198,000 269 ,583,340 492,430,865 576,865,230 971,683,199 
Passrs.Carried 1 mile Number - - 2,101'300,976 | 5,740,112,502 | 11,847,785,617 | 16,039,007,217 | 32,338,496, 529 
Receipts per Passr.-mile Cents - - - - 2.987 1] 2.510 2.167 2.003 1.938 
=s'5 le 
Tons Carried No.Short Tons - - - - 62,240,000 290,897,395 636,541,617 593,970,955 1,026,491, 782 
Tons Carried 1 mile No.Short Tons - - 5,295.831,217 | 32,348 846,693 | 76,207,047,298 |141,599,157,270 | 255,016,910,451 
Receipts per ton-mile Cents - a| - - - 2,447 1.287 0.941 0.729 0.753 
ee 

Employees Number - - - | = 418,957 749,301 1,017,653 _ 1,669,420 
‘Total Compensation of Employees Dollars - - - - 195,350,013 433,970,343 577,264,841 1,143, 725,306 
Avg.Monthly Compensation of Employees | Dollars - - 245 38.86 48.30 47.40 57.30 


TABLE XXXT 
CONVERSION TABLE 


Equivalent in 


Equivalent in 
Unit mited States Dollars 


Metric and Other Measures | United States Measures Country 
| 1 kilometer ....+--+.+e-+-- | 0.621 mile. Argentina Gold peso 0.96477 
1 metric ton .....+++ee- | 1.102 short tons (2000 pounds | Austria-Hungary | Krone 0.20263 
1 metric ton-kilometer .. | 0.684 short ton-mile Belgium Pranc 0.19295 
1 long ton (2240 pounds). | 1.12 short tons (2000 pounds | Brazil Milreis 0.32444 
1 long ton-mile ......-.. | 1.12 short ton-mile Canada Dollar 1.00000 
1 werbt seoreesees «+ | 0.663 mile. Denmark Krone 0.26799 
1 pood seeesee 0.01806 short ton Egypt Egyptian Pound | 4.94307 
1 pood-verst ..-seeeeeees | 0401197 short ton-mile France Frenc 0.19295 
Germany Mark 0.23821 
Equivalent in 0.3840 in 1890 
United States Measures Metric and Other Measures India Rupee 0.3270 in 1900 
Te a aS 0.3245 in 1910 
0.907 metric ton 
1 short ton (2000 pounds) | 0.893 long ton Italy Lira 0.19295 
55.371 poods Japan 0.49846 
- Netherlands Guilder 0.40196 
ie te 
TRE aobuebecancanscccar| LS ee New Zealand Pound Sterling | 4.86656 
1.51 verst Norwey Krone 0.26799 
= Portugal Milreis 1.08046 
1.46 metric ton-kilometers 
1 short ton-mile ........ | 0.893 long ton-mile Roumania 0.19295 
L 83.61 pood-versts Russie Rouble 0.51456 
Spain Peseta 0.19295 
a= 
Sweden Krona 0.26799 
Switzerland Franc 0.19295 
United Kingdom Pound Sterling | 4.86656 
United States Dollar 1.00000 


TABLE XXXII. 
COMPARATIVE RAILWAY STATISTICS. 


‘ABLE XXXII 
COMPARATIVE RAILWAY STATISTICS : Sheet Ho.l 


- 19 


0 - 


Capital per Mile of Line 
Dollars 5 


NT Length of Line i Length of Second and More Tracks Length of Second and More Capital 
Country Tracks per Mile of Line 
Miles Miles 2 Miles 3 Dollere 4 
Argentina 17,384.48 - - 868,914,999 49,992 = 
Austria-Hungary 23,499.07 Mi 4,045.50 | .a7 Ean 2,550,654, 784 108,543 
| Belguim 2,932.20 B 1,430.00 Ll 49 186 804 2D 
Brazil (1908) 11,948.66 @ - oI = 
Caneda 24,751.00 1,543.00 @ | -06 1,719, 069,501 69,51] 
Denmerk 1,211.57 | 108.05 J -0O9 a 63,154,159 52,15 
| Beypt (State Rys.) 1,453.14 | jj - - = 
France 25,072.00 Mi 10,981.00 ay 44 3,642,093,038 
Germany 38,091.51 14,571.92 3 4, 169,365,947 
India 32,099.00 i - = 1,424,708,489 
Italy 10,538.00 Hf - - 1,346,360, 000 
Japan 5,129.66 8 [ 638.87 B I 12 408, 009, 023 
Fetherlanas 2,249.88 | | 912.25 @ 1 = 
New Zealand 2,717.00 J - = 138,760,831 
Norway 1,848.10 I 300.56 J 16 77,142,736 
lor eteas 1,520.21 | - jee - 
Roumania 1,978.50 | - - 190,523,900 | 
Russia (European) 7 41,817.74 9,162.10 22 3,538,289,716 
| Spain (1909) 9,070.95 @ - - 729,929,464 
Sweden 8,587.81 - - 286,183,902 B 
| switzerlena 2,839.52 | 633.85 & 22 341,208,393 @ 120,164 
lUnitea Kingdom | 23,389.00 mm pate LN ee 1 6,416,555,277 as 274,298 
United States 240,439.00 I 25,554.00 Ls 
Sate 
530,550.00 


COMPARATIVE RAILWAY STATISTICS 


= 1910 - 
=. 7 Total Operating Revenue = Total Operating Revenue Total Operating Expense [ae Operating Expense Net Operating Reveme 
Per Mile of Line Per Mile of Line 
Country di Dollars 6 Dollars 7 Dollars 8 Dollars 9 Dollars 
Argentina 107,058,457 @ | 6155 7 63,622,090 Bf 3,659 i 43,436,367 Mf 
Austria-Hungary 295,479,499 Hi 12,574 a = - 
Belgium 65,893,103 B 22,472 41,737,247 I 14,234 24,155,856 
Brazil (1908) 33,594,247 | | 2,811 [eS] 26,635,127 | 2,229 | 6,959,120 | 
Canada 173,956,217 120,405,440 B | 4,868 ae 53,550,777 BB 
Denmark 11,806,713 | 11,031,925 | eee [Sree] 774,788 | 
Egypt 16,806,526 | 9,753,671 | 6,712 _|_ 7,052,855 B 
France 352,643,512 2 ah 212,068,769 8,455 __| 140,574, 743 Liss} 
Germany 726,016,546 488,462,563 aif 12,823 237,553,733 
India 165,956,439 88,125,114 & 2,745 77,831,325 Mi 
Italy 109,666,618 @ [20,689,748 a 8,60 19,006,870 
Japan 43,035,498 I 22,013,209 | i 4,29] ; 21,022,289 
Netherlands 25,524,186 | 0,846,514 | 9,265 ay qe 4,677,672 | 
Lise Zealand | 15,815,103 | 10,557,745 | 3,885 5,257,358 | 
Norway 6,287,858 | 4,693,608 | 2,539 
Portugal 11,437,481 | 5,543,018 | 3,646 
Roumania 16,295,149 | 10,273,610 | 5,192 
ese [508,262,268 py 338,250,766 8,009 
Spain (1909) 65,543,738 Wl 32,194,639 | 3,549 Se 
Sweden 38,072,556 | 27,571,061 | 3,210 i 
[svitsoriand 42,930,471 I aa 27,130,091 I | 9,554 | assoo,z0F  SC=CSd 
United Kingdom 603,083,752 = REPRO 372,626,325 15,931 Sf 250,457,454 
United States ‘| 2,750,667, 455 TS UE aS eS 1,822,630,433 Ss 7,550 


1 


to} 


TABLE XXXII. 
COMPARATIVE RAILWAY STATISTICS. 


Sheet No.2 


Net Operating Revenue 
Per Mile of Line 
Dollars 11 


2,499 
8,238 1,41. RE 
2168 i —i 


Net Operating Revenue 


In Per Cent of Capital 


3,044 5.166 
3,99 i | SE 


1,223 3.67% 
5,564 4.63% 
9,953 | 5.607% 


Passengers Carried 


Passengers Carried 
Per Mile of Line 


ARAT a c 
- 1910 - 


Passengers Carried One Mile 


Passengers Carried One Mile 
Per Mile of Line 
Passenger-Miles 


84,517 


215,17. 


911,996 
38,308 @ 


Netherlands 


Country Number Number 13 Passenger-Miles 14 

jesrecnzene 59,014,600 @ 3,394 1,469,286,000 

Austria-Hungary 394,620,535. = 16,75 7,406,240,92] 

Belgium 193,069,662 65,54 | 2674,155,288 Be 

Brazil (1908) 31,163,898 @ 2,608 457,735,268 8 

Canada 35,894,575 @ 1,451 § 2,466,729,644 

Denmark 21,935,030 § 18,11 — 490,465,179 8 

Egypt 25,727,045 @ 17,74 = 

Prance 508,558,187 ———aas 20,2385 ay 10,482 ,294,329 

Germany 1,572,531,428 2 rere 41,233. 22,120, 226,195 ere 
India a 371,576,000 =n 11,57 = 13,432,477, 000 as 

Italy 110,407,600 mm 10,477 - 

Japan 153,088,066 i 29,3844 3,000,753,389 mmm 


46,221,000 Bf 


20,54 


Ne 


TABLE XXXII. 
COMPARATIVE RAILWAY STATISTICS. 


Sheet No.3 


Average Distance 
Of Passenger Travel 
Miles 


Average Receipts 
Per phe faa Sek 
Cents 


United Kingdom 


1,306,728,5855 


United States 


971,683,199 


55,869 - 


4,040 


30258 296 222 aaa ae a er RTS 


New Zealand 11,141,142 1 4,100 @ - 
Norway 13,079,037 1 7,077 == 208,282,666 1 112,700 =! 
Portugal 14,888,707 I 9,793 a - = 
Roumania 9,169,849 1 4,634 - = 
Russia (European) 208,110,321 = 4,975 12,991,298,100 310,465 = 
| Spain (1909) 51,408,194 @ 5,667 = 1,173,498,3108 129,368 
Sweden 58,276,650 6,735 a 977,772,635 @ 113,858 om 
Switzerland 110,068,465 a! 8,7 1,436 330,743 505,836 


134,497 2 


16.8 = 1.238 
13.0 = 1.220 


COMPARATIVE RAILWAY STATISTICS 


Tons Carried 


Tons Carried Per Mile of Line 


Tons Carried One Mile 


Tons Carried One Mile 
Per Mile of Line 


TABLE XXXII. 


COMPARATIVE RAILWAY STATISTICS. 


Average Haul of Freight 


Sheet No.4 


Average Receipts 


Per Short Ton-Mile 
Cents 21 


1.361 
1.073 
5.160 


1.203 
1.275 


Country Short Tons 17 Short Tons aes Short Ton Miles 19 Short Ton Miles 20 Miles 
Argentina | 36,934,502 @ 2,124 4,493,880,000 § 258,499 11.6 
Austria-dungary | 217,083,116 as 9,277 14,948,353,591 636,134 6.9 

[ Belgium | 83,945,816 im 28,628 5S || - - < 
Brazil (1908) | 6,001,380 |! 502 8 491,230,928 | 41,111 8 1.83 
Canada 74,482,866 Ew 3,01] 15,712,127,701 @ 635,32] 10.9 rs 
Denmark ] 5,384,249 | 4,444 285,398,893 | 235,561 1 53.0 
Egypt 4,249,855 | 2,924 } - - = 
France | 190,912,114 764 15,020,340,438 @ 599,069 74.7 
Germany 596,972,507 ay 15,672 35,484,435,058 Gl 99] 55 7 Serres 59.4 
India 73,475,360 i 2,299 13,544,065,920 B 14 134.2 
i etety | 42,364,890 4,020 | - = = 
Japan j 28,908,850 & 5,635 2,175 ,099,038 | 424,024 75.2 
Netherlands | 17,688,202 8 7,36) | - = e 
New Zealand | 5,850,224 | 2,153 | - - és 
Norway [ 5,388,052 | 2,915 200,738,777 | 108,619 37.1 =e 
Portugal 5,338,984 | 3,512 - s a 
Roumania 7,676,837 | 3,880 = A 1 te 
Russia (European) | 262,494,930 727 22,002,600,411 526,15] 33.5 
| spain (1909) 34,665,365 B 3,82] 2,110,494,872 4 232,665 60.8 
| sweden 40,763,674 1,7. 1,822,766, 634 | 212,250 a a7 
Switzerland 18,760,355 8 6,007 854,197,391 | 500,363 45.5 


United Kingdom 


576,160,205 


1) Li a ESS ee 


United States 


1,026 491,792 er 


4,269 


255,016,910, 451 re 


1 


1,060,650 aS 


ar 
1.956 


& 


COMPARATIVE RAILWAY STATISTICS 
1910 - 


TABLE XXXII. 
COMPARATIVE RAILWAY STATISTICS. 


Sheet No.5 


Freight and Other Cars 
Per Mile of Line 
Number 


Locomotives Locomotives Passenger Train Cars Passenger Train Cars Preight and Other Cars 
Per Mile of Line Per Mile of Line 
Country Number 22 Number 23 Number 24 Number 25 Number 26 
Argentina 2,814 @ -16 4,346 @ -25 mf 61,549 
Austria-Hungary 11,209 48  \e7,424 1.2” 233,523 
Belgium 4,458 @ 1.52 Se $610,994 3.7? (ae 92,445 
Brazil (1908) 1,144 @ -108 1,614§ 14,385} 
Canada 4,079 -16 4,320 @ 128,361 
Denmark 604 8 50 1,815 9 8,681 
Egypt = = és S 
France 12,840 51 150,247 [es 328,934 
Germany 27,662 es 73 61,638 Eee —_ | 592,938 
India 7,245 ia 23 20,372 -64 149,628 i 
Italy 5,376 5] 12,502 Ml 1.19 = 96,159 my 
Japan 2,305 @ 45 6,144 =§ 1.20 35,239 § 
Netherlands 1,162 8 52 3,014 1.34 20,8504 
New Zealand 465 1 178 1,140 § .42 17,220] 
Norway 362 | -20 865 | 47 7,782] 
Portugal - > = 
=! 
Roumania = - ri _ 
Russia (European) 20,289 48 Gee 26,747 -64 455,177 
Spain (1909) i 2,533 8 -28 6,189 gy 68 a 50,109 § 
Sweden ‘x 1,921 8 | -22 a 3,631 @ 42 47,267 § 
Switzerland 1,602 § | 7 4,611 @ 1S 
United Kingdon 22,840 oo rE 72,815 Se | 3.1] se 766,729 
United States | 68,947 Ce +24 47,095 -20 § °° 43 0S: aap arama peer ee T SE 


COMPARATIVE RAILWAY STATISTICS 


United States 


L662), 420 Se ea 


1,143,725, 306 A 


=SLILOts . Sheet No.6 
4 
i Average Number of Employees Average Number of Employees Compensation of Employees Average Yearly 
Per Mile of Line Compensation of Employees 
Country Number 28 { Number 29 Dollars 30 Dollars 31 
in 5 
Argentina | 101,255 i 5.3 | 46,223,000 ) iia 
ustria-Hur | ‘ 292 ay 
Austria-Hungary | 408,564 17.4 119,149,065 im 
Belgium 73,886 7 a - - 
Brazil (1908) = = 7 we 
Canada | 123,768 5.0 67,167,793 [ll (SED ane aar rae s 
| 
Denmark 12,7168 10,5 EET ey - - 
—————t 
Egypt - - ~ - 
— T ———T 
France | 339,032 at Lo (SS - = 
Germany 706 524 rs 1) Se 271,624,171 °) = aiaP reso 
——————————— 
India 543,493 Li?) ee - = 
a 
Italy 162,000 =! lis [= 49,929,100 308 Peis Ty 
Japan 94,594 1}. 4 GRIMES ee 9,793,947 1 | 103 = 
Netherlands - - = = 
| 
New Zealend | 12,2241 4.5 - + - 
Norway | 5,949] al 3.2 == - = 
— + 
[esnbousy - - - - 
| Roumania - - - - 
f= | 
Russia (European) 16,7 1) .) a Re 164,429,132 7 | > (aR NSE 
Spain (1909) - - - S 
Sweden - ~ - 
Switzerland 41,179 .. ESE 13,406,315 526 
Tir 
United Kingdom - - = = 
— + — 


TABLE XXXIII. 
LOCOMOTIVE DEVELOPMENT—1U. §. 


TABIE XXXIII 
SHOWING DEVELOPMENT OF LOCOMOTIVES IN THE UNITED STATES ACCORDING T0 SIZE 


1832 - 1914 
=r af 

Railroad Type Builder Cylinder emeansiesh lS Service = Weight-Lbs. 
Phila.Germantown 2.2.0 Paldwin 9-12"x 18" 54" Mixed 10,000 
& Norristown 
Beaver Meadow 4.4,.C Eastwick and 12 x 18 44 Mixed 33,600 

Harrison 
Phila.& Reading 0.6.0 Baldwin 15 x 18 46 Freight 40,000 
Phile.& Reading 0.8.0 Baldwin 17-14 x 18 42 Freight 56,000 
Vermont Centrel 6.2.0 Baldwin 17-y4 x 20 78 Passenger 50, 000 
Erie 0.8.0 Baldwin 18-4 x 23 48 Pusher 73,700 
Pennsylvania 4.6.0 Baldwin 19 x 22 48 Freight 70,000 
Baltimore & Ohio 4.4.0 Mason 16 x 22 60 Passenger 70,500 
Phila.& Reading 0.12.0 Company's shops 20 x 26 43 Pusher(TanIx) 100,000 
Baltimore & Ohio 4.6.0 Company's shops 19 x 26 60 Passenger 90,700 
Lehigh Valley 2.8.0 Baldwin 20 x 24 48 Freight 90,000 
Baltimore & Ohio 2.8.C Danforth 20 x 24 50 Freight 105,200 
Atchison, Topekse 2.8.0 Baldwin 20x26 | 42 Freight 115, 000 
& Santa Fe | 
Central Pacific 4,8.C Company's shops 19 x 30 54 Preight 123,000 
Central Pacific 4.10.0 Company's shops 21 x 36 57 Freight 154,000 
Michigan Central 4.6.0 Schenectady 20-29 x 24 68 Passenger 127, 000* 
Erie 2.10.0 Baldwin 16-27 x 28 50 Freight 195,000 
Illinois Central 4.8.0 Brooks 23 x 30 57 Freight 232,200 
Atchison, Topeka 2.10.2 Baldwin 19-32 x 32 57 Freight 287,240 
& Santa Fe 
Baltimore & Ohio 0.6.6.0 Am.Locomotive Co. 20-32 x 32 56 Freight 334,500** 
Pennsylvenia 4.6.2 Am.Locomotive Co. 24 x 26 80 Passenger 270,000 
Atchison, Topeka 2.8.8.2, Baldwin 26-38 x 34 63 Freight 450,000 
& Santa Fe 
Atchison, Topeka 2.10.10.2 Company's shops 28-38 x 32 62 Freight 500, 000 
& Sante Fe 
Pennsylvania 4.6.2 Am,Locomotive Co. 27 x 28 80 Passenger 317,000 
Virginian 2.8.8.2 Am.Locomotive Co. 28-44 x 32 56 Freight 642,500 
Erie 2.8.8.8.2 Baldwin 2 H.P.36 x 32 63 Freight 853,050 
4 L.P.36 x 32 


First compound locomotive 
**First articulated locomotive 


Class in Lbs. 


10,000 
207900 
30,000 


40,000 
50,000 
60,000 


70,000 
80,000 
90; 000 


100, 000 
110,000 
120,000 


130,000 
140, 000 
150/000 


180,000 
200, 000 
280/000 


an | 


Aggregate 
Capacity | Aver- 
Number Tons age 
608 4,520 is 
3,548 39,840 11 
3,506 53,014 15 
48 ,762 975 ,402 20 


70,526] 1,764,386 25 
720,095| 21,651,403 30 


42,957 1,504,529 35 
726,777| 29,123,756 40 
9,709 437 ,080 45 


“Excludes 3 cars of 220,000- 


1b. clase, aggregating 330 
tone eapacity. 


Does not include returns for 
the so-called small roads 
(having operating revenue bde- 
low $100,000) and returns for 
ee Orne, and terminal compan- 
ea. 
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CLASSIFICATION OF FREIGHT CARS, BY CAPACITY 
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Capacity 
Tons 


Aggregate 


7 1,156 


2 


645 
3,826 pan 
4/200 15 

58,074 | 1,161,742 | 20 
83,454 | 2,087/646 25 
766,136 | 23,026,229 | 30 


6,557,159 
6,169,527 
19,029,245 


24,122,143 
, : 


1,525,284 
27,694,420 
340,915 


28,455,491 
21475 568 
40,203 


787,678 
6,355,215 


e 
ann) ee bs] 
Ono |] ang] oa 


315 20,518 
474 33,180 

58 4,350 

1 90 | 90 
10 1,000 | 100 


142 | 142 


1 1 142 
| 2,278,289 | 86,978,145 | se | 2,215,259*| 82,965,418 


*Exclades 275 cars in freight 


service for which complete 
returns were not secured. 


Does not include returns for 
the so-called small roads, 
(having operating revenue be- 
low $100,000) and returns for 
switching and terminal compan- 
ies. 


& 
gas 
alee) 


1,505,992*| 42,292,977 


*Excludes 40,109 cars in the 
it service for which 
complete returns were not 


fe]: | a a 
1,688,841" | 50,759,135 | 30 |1,650,615*| 48,520,281 


*Excludes 3,853 cars in the 
freight service for which 
complete returns were not 


1,727,620*| 53,255,083 


1,986, 017* 67,083,324 | 34 | 833,635*| 59,059,302 


*Excludes 5,540 cars in the 
freight service for which 
complete returns were not 


2,096,234* |. 73,086 522 | 35 


*Does not include cars in the *Includes 11,067 cars in the 
service of switching and 
terminal companies... 


15 

1 

i, 
Ea 2,195,331* | 2,071,336" | 
*Does not include cars in the 
service of switching and 


terminal companies. 


“*Does not include cars in the 
service of switching and 
terminal companies. 


*Excludes 4,279 cars in the 
freight service for whieh 
complete returns were not 


*Excludes 3,789 cars in the 
freight service for which 
complete returns were not 


*Does not include cars in the 
service of switching and 
terminel companies. 


Excludes 310 cars in freight 
service for which complete 
returns were not secured. 


*Excludes 3,167 cars in the 
freight service for which 
complete returns were not 


service of switching and 
terminal companies. 


Excludes 180 cars in freight 
service for which complete 
returns were not secured. 


Excludes 1,590 cars in the 
freight seryice for which 
complete returns were not 


Excludes 2,268 cars in the 
freight service for which 
complete returns were not 


Excludes 4,550 cars in the 
freight service for which 
complete returns were not 
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TABLE OXVITL 
PERSONS KILLED AND INJURED IN SIXTEEN COUNTRIES 


Injured 


Knied | Tatar 


Injured | Total 


421 
993 


1,396 
3,036 


453 
Q92 


1,738 
5 
975 | 


1ol 
835 


1,317 
1,441 


Per Per Per Per Per 
100 Million 10 Million] 100 Million 1000 1000 
Passenger Mil Carried |Passenger Miles Employed. Employed 
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16.72 7.96 
8.89 4.25 

13.28 7.06 

17.20 > 
9.71 9.41 
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Length Passengers 
of Line | Carried 
Country Year | 1000 Miles | 10 Millions 
—+- 
1880 11.4 4.05 
Austris- 1890 16.4 9.78 
Bungary 1900 19.6 22.25 
1910 23.5 39.46 
=f Sci 
1880 1.7 4.3 
1890 2.9 8.24 
Belgium 1900 2.9 13.91 
1910 2.9 19.30 
1880 6.9 75 
1890 13.3 1.28 
Senncn 1900 17.7 2.15 
1910 24.7 3.59 
1880 5 +26 
1890 1.0 90 
Denmark 1900 Lol 1.73 
1910 1.2 2.19 
es 
1880 14.7 16.51 
1890 20. 24.11 
France 1900 23.6 44.22 
1910 25.1 50.86 
1880 21.0 21.52 
1890 26.6 43.41 
Germany 1900 32.1 87.92 
1910 38.1 157.25 
1880 7.2 3.41 
1890 16.1 11.06 
India 1900 24.7 17.48 
1910 32.1 37.16 
i= = 
1880 3 3.25 
1890 7) 5.08 
Itely 1900 a) 5.97 
1910 6 11.04 
1880 ait z 
5 1890 Jel - 
Spex 1900 3.6 10.21 
1910 5.1 15.31 
1880 1.4 1.60 
7 j 
Betherlands |, ae red re 
1910 2.2 4.62 
cies Eee 
| 1880 via 3.37 
1890 18.1 4.65 
Russia 1900 32.6 10.70 
1910 41.8 20.81 
ee ss | 2S ee 
r 1860 4.6 1.48 
1890 6.2 2.58 
Spain 1900 6.2 3.20 
1910 9.1 5.14 
3.7 +70 
5.0 1.27 
7.0 3.08 
8.6 5.83 
0 1.6 2.16 
189 9 af 
Switzerland! 3909 ae a 
1910 3.8 11.00 
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United 
States 
1911-1914 
Inclusive 


150,159 
169,538 
200,308 
192,662 


165,212 
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In the matter of ownership, while there is still great di- 
versity in practice, there is undoubtedly a steady tendency to- 
wards government ownership, or at least more rigorous govern- 
ment control. When railways were first projected in England 
and the United States they were regarded much as turnpike en- 
terprises—purely private concerns with no thought of participa- 
tion by the government, either national or local, either as part 
owners, contributors or controlling agents. This policy, except 
as to some form of government control, has been adhered to in 
the United Kingdom and in no other country. 

The railways in the United Kingdom still are strictly pri- 
vate enterprises, organized under special powers conferred by 
Acts of Parliament, but without public aid or subsidy. General 
Acts of Parliament have been passed from time to time since 
the ‘‘Cheap Trains Act’’ of 1844, regulating more and more 
closely the operation of the railways in regard to rates, powers 
to amalgamate, prevention of discrimination, pooling of earnings, 
and subjecting them to inspection by the Board of Trade. The 
facts are, however, that railway companies have greater liberty 
of action in the United Kingdom than in any other country, their 
chief powers being established once and for all in the incor- 
porating act, and that the United Kingdom stands as the only 
country that has encouraged its railway system to be developed 
and maintained without government assistance. 

In the United States participation by the public authorities 
has followed different lines. When railways were first projected 
the country was very sparsely settled, distances were great and 
traffic was small, and two things became speedily obvious: First, 
that private capital needed some assistance, and, second, that the 
benefit to the land owners and towns along the lines was as great 
or greater than to the promoters of railway enterprises, and that, 
therefore, some portion of the cost and corresponding risk should 
be assumed by those who, without other effort, received enormous 
benefits. There therefore sprang up a system by which not only 
the local municipalities but in many cases the States themselves 
contributed in one form or another to the construction of rail- 
ways, culminating in what afterwards turned out to be the very 
extensive assistance given by the Federal Government itself in 
the way of grants of land to the railways in the West; land that 
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without railway communication was practically worthless, but 
which with it has since developed into great value. 

During the rapid increase in railway construction follow- 
ing the Civil War this participation of various municipalities in 
pledging their credit to the support of railway enterprises which, 
unfortunately, in some instances were chimerical schemes, one 
state after another was led to pass acts prohibiting either the 
state or any portion thereof from pledging its credit to assist 
railway construction. 

With but few exceptions, and those exceptions are so trifling 
as to be negligible, there is no form of government ownership 
of railways in the United States, the companies all remaining 
as private enterprises. On the Isthmus of Panama the United 
States Government now owns the Panama Railroad, through 
stock ownership, and in the Territory of Alaska the United 
States Government has recently embarked, for the first time, in 
the construction of a government railway. 

As the railways have increased in size and power in the 
United States, affecting more than any other industry the gen- 
eral activities of the people, it was realized that some form of 
control was necessary. Rhode Island had a so-called railroad 
commission as early as 1844, although probably the first real 
commission was established in New Hampshire in that same year. 
Connecticut followed in 1853, New York and Vermont in 1855, 
Maine in 1858, and Massachusetts in 1869, which last developed 
into a model for state control, to be copied by other states. 

In the period of 1870 to 1880 the so-called ‘‘Granger Agita- 
tion’’ in the Middle West led to a popular demand for extend- 
ing not only the principle of state control, but to further in- 
creasing its powers wherever it had already been established, a 
demand that led, in 1887, to a passage by Congress of the In- 
terstate Commerce Commission Act. By various amendments 
the powers of the Interstate Commerce Commission and the 
powers. of the various state commissions, which latter are now 
found in all states of the Union, except Delaware and Utah have 
been greatly broadened and greatly strengthened. 

In general, the Interstate Commerce Commission has juris- 
diction over the interstate operations of steam and electric rail- 
ways, express and sleeping car companies, water lines operated 
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as a part of or in connection with railway transportation, tele- 
graph, telephone, cable and wireless companies. The Commis- 
sion has power to decide the justice and reasonableness of rates, 
whether brought to its attention or investigated on its own mo- 
tion. Proposed changes in schedules may be suspended by the 
Commission pending investigation. The Commission is em- 
powered to institute a uniform system of accounting for common 
carriers and to secure such other information as may be neces- 
sary to the carrying out of the provisions of the act. The Com- 
mission may assess damages in cases of reparation, and in the 
case of refusal of a carrier to comply with its orders may take 
action against such carrier in the Federal courts. 

The various state commissions have powers regulating the 
railways within the limits of their own states, and have at times 
assumed powers that have brought them in conflict with those of 
the Interstate Commerce Commission. The powers of the state 
commissions vary greatly in the several states, extending from 
determining in the first instance whether any given railway 
should be constructed or not, with control over the issuance of 
securities and determination of intra-state rates, and to the 
minor details of actual operation, such as inspection of equip- 
ment and the regulation of the number of men to be employed in 
various capacities. 

The titles and powers of state commissions with jurisdiction 
over railways are as follows: 


Year 
established 


1844 Rhode Island F ~* soe 
Present title: Public Utilities Commission. Jurisdiction 


over all public utilities; has power to regulate rates and 
service, etc. 


1844 New Hampshire dye 
Present title: Public Service Commission. Jurisdiction over 


all railroads, ete., with power to fix rates or to reconstruct 
roads, etc. 


1853 Connecticut W\: i Aare 
Present title: Public Utilities Commission. Jurisdiction 


over all common carriers, etc., with power to regulate rates 
and service. 


1855 New York £5 
Present title: Public Service Commission. Two bodies, one 
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Year 
established 

for first district and one for second district. Both bodies 
have extensive jurisdiction over all common carriers. 

1855 Vermont 
Present title: Public Service Commission. General super- 
vision over all railroads. 

1858 Maine 
Present title: Public Utilities Commission. Authority to 
inquire into the management of the business of all public 
utilities; to regulate rates and charges; to prevent the 
giving of rebates; to investigate accidents; find the physi- 
cal valuation of properties; to authorize and approve of 
issue of stocks, bonds, notes or other evidences of indebt- 
edness; to authorize the sale, lease, assignment, mortgage, 
or consolidation of utilities; may order physical connection 
and joint use of facilities and equipment of utilities; may 
fix rates; and may order use by one utility of the equip- 
ment of another. 

1867 Ohio 
Present title: Public Service Commission. Commission has 
power and jurisdiction to supervise and regulate public 
utilities and railroads, etc.; may supervise and fix rates; 
and control of the issuance of securities. 

1869 Massachusetts 
Present title: Public Utilities Commission. Jurisdiction 
over all common ¢arriers. 

1871 Illinois 
Present title: Public Utilities Commission. (Railroad and 
Warehouse Commission of Illinois abolished.) Jurisdiction 
over rates, service and schedules, and to supervise the issue 
of all stocks, bonds, and securities. 

1871 Minnesota 
Present title: Railroad and Warehouse Commission. Juris- 
diction over railroads and express companies doing business 
as common e¢arriers and public warehouses. Commission has 
power to fix rates. 

1873 Michigan 
Present title: Railroad Commission. Jurisdiction over all 
common carriers, with power to fix rates and to regulate 
stock and bond issues. 

1874 Wisconsin 


Present title: Railroad Commission. Jurisdiction to super- 
vise and regulate every public utility in the state; power to 
require that all public utility charges be reasonable and just, 
and to this end to fix and determine rates and regulations. 
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Year 
established 

1875 Missouri 
Present title: Public Service Commission. Jurisdiction 
extends to all ‘‘public utility corporations and persons’? 
which operate railroads or other forms of common carriers, 
ete. Commission has power to regulate rates and service. 

1876 California 
Present title: Public Utilities Commission under name of 
‘*Railroad Commission’’. Commission is given power to 
regulate and control all the public utilities of the state. 

1877 = Virginia 
Present title: State Corporation Commission. Control over 
all public service corporations, including fixing of rates and 
charges, ete. 


1878 South Carolina 
Present title: Railroad Commission. General supervision of 
all railroads and railways, express companies and other com- 
mon e¢arriers; shall examine and keep themselves informed 
as to their condition and the manner in which they are 
operated, with reference to the security and accommodation 
of the public and the compliance with the laws of the state; 
and shall make freight and passenger tariffs. 
1878 Iowa 
Present title: Board of Railroad Commissioners. Board 
has general supervision of all railroads in the state operated 
by steam, express companies, car companies, sleeping car 
companies, freight and freight line companies, and any 
common carrier engaged in the transportation of passenger 
or freight by railroads. Has power to supervise rates and 
fares generally and has been specifically given power to fix 
rates for express companies. 
1879 Georgia 
. Present title: Railroad Commission. Jurisdiction over all 
common carriers, express companies, dock and wharfage 
companies, terminal companies, ete.; may require common 
carriers and public service corporations to establish and 
maintain such public service and facilities as may be reason- 
able and just, and such publication by common carriers, in 
newspapers of towns through which their lines extend, of their 
schedules as may be reasonable and which the public demands. 


1880 Kentucky 
Present title: Railroad Commission. Has power to fix 


freight or passenger rates; and has jurisdiction over com- 
mon earriers generally. 
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Year 
established 

1881 Alabama 
Present title: Railroad Commission. Jurisdiction over rail- 
roads, express companies, car companies, sleeping car com- 
panies, freight and freight lines, steamboat or steam packet 
companies and terminal companies. 

1883 Kansas 
Present title: Public Utilities Commission. Jurisdiction 
over all common carriers. 

1883 Tennessee 
Present title: Railroad Commission. General supervision 
and control over all railway companies in the state; 
empowered to supervise and fix the rates, charges and regu- 
lations of railroad freight and passenger tariffs; to correct 
abuses; to prevent unjust discriminations and extortions in 
the rates of freight and passenger tariffs in different rail- 
roads in the state. 

1884 Mississippi 
Present title: Railroad Commission. Jurisdiction over rail- 
roads, express companies, ete. Commission has power to fix 
rates, ‘‘make reasonable orders for supervision and regu- 
lation’’, 

1885 North Dakota 
Present title: Commissioners of Railroads. Commissioners 
have general power over common earriers, may fix rates, ete. 

1885 Colorado 
Present title: Railroad Commission. Jurisdiction over all 
common carriers, including express companies, private 
freight car lines and pipe lines, ete. 

1885 Nebraska 
Present title: State Railway Commission. General con- 
trol over railroads, express companies, car companies, sleep- 
ing car companies, freight and freight line companies, etc., 
and has power to ‘‘regulate the rates and services and make 
physical valuation; control over the issue of stocks, 
bonds, ete’’. 

1885 South Dakota 
Present title: Railroad Commission. Jurisdiction over all 
common carriers, including warehouses and grain elevators, 
and has power to fix rates. 

1887 =Florida 
Present title: Railroad Commission. Jurisdiction over 


rates and service of all railroads, all bridges and ferries, 
used or operated in connection with any railroad operated 
wholly or in part in the state; all passenger terminal com- 
panies or union depot companies, ete. 
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Year 
established 

1887 Oregon 
Present title: Railroad Commission. Commission has 
power and jurisdiction to supervise and regulate all publie 
utilities; to prescribe reasonable rates and regulations, ete. 

1891 Arizona 
Present title: Corporation Commission. Jurisdiction over 
all corporations other than municipal, engaged in carrying 
persons or property for hire, ete. The Commission may 
prescribe rates. 

1891 North Carolina 
Present title: Corporation Commission. . Commission has 
general control over railroads and other common carriers, 
etc.; has power to make rates; to prevent discriminations; to 
prevent rebates. 

1891 Texas 
Present title: Railroad Commission. Jurisdiction over all 
steam railroad and express companies, and has power to fix 
rates. 

1898 Louisiana 
Present title: Railroad Commission, Jurisdiction over rail- 
roads, express companies, steamboat and other water craft, 
sleeping car companies and corporations, ete. Commission 
has power to regulate rates. 

1899 Arkansas 
Present title: Railroad Commission. Jurisdiction over per- 
sons or corporations engaged in the transportation of pas- 
sengers or property. Commission may fix rates. 

1905 Indiana 
Present title: Public Utilities Commission. Commission has 
the right to regulate rates, supervise the bond issue of cor- 
porations and the sale and transfer of property; also the 
merger and consolidation of corporations. 

1905 Washington 
Present title: Public Service Commission. Jurisdiction over 
railroad and express companies, and other common carriers. 

1907 Montana 
Present title: Public Service Commission. Has full power 
of supervision, regulation and control of public utilities. 

1907 Nevada 
Present title: Public Service Commission. Jurisdiction 
over all common carriers and may fix standards for service, 


regulate rates, etc. 


1907 Pennsylvania ge Ss ee 
Present title: Public Service Commission. Jurisdiction gen- 


erally over all railroads and common carriers. 
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Year 
established 


1908 Okiahoma 
Present title: Corporation Commission. Jurisdiction over 


railroads and other common carriers. 

1910 Maryland 
Present title: Public Service Commission. Jurisdiction over 
all railroads of every kind. 

1910 New Mexico 
Present title: Corporation Commission. Commission has 
general powers over all railroads. 

1911 New Jersey 
Present title: Board of Public Utilities Commissioners. Gen- 
eral supervision and regulation of all public utilities, with 
power to fix rates; require schedules of rates to be filed; fix 
just and reasonable standards, classifications, regulations, 
practices, ete. 

1913 District of Columbia 
The Public Utilities Commissioners are the commissioners of 
the District of Columbia. Jurisdiction over every public 
utility. 

1913 Idaho 
Present title: Public Utilities Commission. Jurisdiction 
over all common carriers, etc., with power to regulate and fix 
rates and service. 

1913 West Virginia 
Present title: Public Service Commission. Jurisdiction 
over all common earriers, with power to supervise rates and 
service, ete. 


Although the railways of the United States are privately 
owned, they are, nevertheless, large contributors, by means of 
taxation, to the general government and the individual states, 
and the tendency has been almost uniform in increasing this 
burden. 

Table XLVIT shows the extent to which the railways of the 
United States have been, since the year 1898, contributors to the 
support of the government in which there is shown the amount 
paid each year in taxation, the amount paid to the proprietors of 
the company in way of dividends, and the ratio the amount 
received by the general public bears to that received by the 
owners of the property, that is, the stockholders, although on 
the latter have fallen all the risks and responsibilities involved in 
the operation. The amount charged to taxes is exclusive of per- 
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sonal taxes paid by the holders on bonds or other obligations of 
railways and exclusive of the sur-tax of the income tax. Since 
1898 the smallest ratio of taxes to dividends was in the year 1904, 
when a sum equal to one-third of the amount paid out in divi- 
dends was paid out in taxes. This ratio has increased year by 
year until the year 1914, when in spite of an increase in dividends 
the amount paid in taxes now exceeds one-half of that paid out to 
the stockholders. 


TABLE XLVII. 


Comparison of Taxes and Dividends Paid on United States Railroads. 


Year Taxes Dividends Per Cent 
SISO S epcemeecce: = Aer a Se, 43,828,224 83,995,384 52.18 
{USI E) Oe gee ee, eee 46,337,632 94,273,796 49.15 
HI QXO))- wi 5, se 2 48,332,273 118,624,409 40.74 
TUL oe ee ean Baer aes 50,944,372 131,626,672 38.70 
BILE (2 ener sco ae ee 54,465,437 157,215,380 34.64 
LUO} te ale eee 57,849,569 166,176,586 34.81 
190 Ge eer ee se 61,696,354 183,754,236 33.58 
LO) ie Oe wake 8s acer Ss 5-2 22 63,474,679 188,175,151 33.73 
ISA Recut 5 eee 74,785,615 213,555,081 35.02 
ASG LOH he: et Aes ee 80,312,375 227,394,962 35.32 
AICO Y Sn a a 5 aaa i See 84,555,146 227,597,070 3715 
OG ee ere eter cn nce 90,529,014 236,620,890 38.26 
OMG Meee stats. Lae 103,795,701 293,836,863 35.32 
A) i ee eee 108,309,512 291,497,164 37.16 
TO ota eee Aenean 120,091,534 299,361,208 40.12 
(GS) ht ae es eee 127,331,960 260,864,853 48.81 
AQUA tee eo 2. eee cate oe 139,591,520 265,748,161 52.53 


On the continent of Europe the relations between the States 
and the railways are very much more intimate than in the 
United Kingdom and the United States. From the first, conti- 
nental European countries, to which the question of national 
defense is always paramount, perceived that railways would be a 
great factor in military problems, and that lines should be con- 
structed to meet not only commercial but strategic demands. In 
France, where continental railways had their inception, the 
Government at an early date assumed direction of affairs, and 
has assisted construction by loaning money, guaranteeing inter- 
est, and in some instances by actual purchase. Although today 
the Government owns but about one-fifth of the total mileage, it 
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nevertheless maintains a very strict regulation of the privately 
operated lines, nearly all of which are in some manner indebted 
to the State, and which under existing agreements and conces- 
sions will become the property of the State between 1950 and 
1960 without additional payment, unless purchased at earlier 
dates. 

In Germany, Prussia has had the right of acquisition since 
1838, a right that was actively exercised after the Franco-Ger- 
man war, and today owns and operates all the main lines. This 
same policy is followed in the other states of the German Empire. 
The few lines in Germany that are privately operated are con- 
trolled absolutely as to tariffs and details of operation by the 
Government. 

Other countries, Russia, Switzerland and Belgium have 
adopted government ownership and operation, except that in 
Belgium local railways, known as ‘‘Chemins de fer Vicinaux’’, 
are operated by private companies under special concessions but 
for the most part are owned by local municipalities. In Austria- 
Hungary, Balkan States, Denmark, Italy, Portugal, Norway and 
Sweden, both government and private ownership and operation 
exist side by side, but the private corporations are under official 
- regulation. In the Netherlands the lines are owned partly by the 
government and partly by private companies, but are all under 
private operation, with traffic rates subject to approval by the 
minister of railways. In Greece and Spain all railways are under 
private ownership and operation, but in the latter country have 
received Government subventions, in return for which they auto- 
matically will become government property after a term of years. 
In Turkey all lines are the property of the State but are operated 
by private companies. 

Outside of the United States, Russia and Germany, the 
country with the greatest railway mileage is India, where since 
1870 the principle of government ownership has prevailed. In 
1910 more than 90% of the lines were Indian government or 
native state owned, of which one-third was operated directly by 
the governments. Nearly all of the balance has received gov- 
ernment aid. 

In Asia (other than India), Africa, Central and South 
America, and in Australasia, government and private ownership 
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TABLE XLVift 


Showing Division of Ownership 
Between Govermment and Private Corporations 


T = 
| nb ieee 4 YEAR 1890 [- YEAR 1900 YEAR 1910 
| i Miles of Line Miles of Line Miles of Ling Miles of Line 
i T 
Country | eoverument aere . Per Cent of Total Miles Owned Government | Private Per Cent of Total Miles Owned | Government Private Per Cent of Total Miles Owned Government | Private Per Cent of Total Miles Owmed 
| e {Ns otal by the Government | Owned Owned Total by the Government | Owned Owned Total by the Government Owned Owned Total by the Government 
Argentins | - | - 1,560 - | 5,8 
' ane 1 | . 2 848 - - - 10,269 - 2,467 14,881 17,348 14.2 wes SS 
| geetrtaceonesse ie | 2 Sa Neti : - 9,798 | = = : 12'ea2 | - 15/312 Tots || soe) 0 
eee oan E \ | eal 5 ai | 14,a16 Rua! Eee yh ———_——$ +$ — 19/979 3,520 | 23:499| 5.0 —___ 
| ee 
por euns = te 1,692; - SSeS 2,621 waa ece | a 2,689 wen Meee ox. 
era = | 1 988 = = - - - 1,106 fo) 1,106 | 100.0 cee 
| 3 i | = = = | 9,195 A 5,440 7,839 15,279 | 41.0 _— 
Canada | 3,038 5753! 6891/1 —————_—__—_— 
*Chine 7 3 71 100.0 — 1,611 16,146 | 17,657 C0600 ae 2,044 22,687 | 24,731 oo —— 
Set. 531 89 620 ac SS ee Gare Near ne eeee cl 401 10) 401 recs aS SSS Piers ane Aer aceee Een Ce) 
& 5 5. Eo ee EA) 1,118 556 1,674 66. ee sl - = e Ee, 
= Si== - i aon a se IE 
Egypt 932 ie) 932 | 100.0 eS 
Se EE 1,389 {9} 1,389 | 100.0 cqmeeeee 1,453 ° 1,453 | 100.0 
France ss = 14,756 3 ——— 1/728 21,895 23/623 7.5 —<—<——SS=S—e 5,527 19,545 25,072 20 =< 
Germany | 16,281 4,771 |21,052 77.2 eer ———, qe) 28,981 3,143 32,124 | 90.1 oe — 35,245 2,847 38,092 92.20 ae) 
co Al ee eh pom ae ee 
Greece o} 7 %, 2 ———— _ | 604 0 SSS te} 982 ooo 
Indie 9,306 O | 9,506 | 100.0 epee See 24 707 es 24,707 | 100.0 cee 32,099 ) 
Italy 2,376 2,962 5,340 | 44.5 qn ——— ems - - 9,864 - 8,289 2,249 
j Japan = = 73 = 833 Secrets 639 ——————— 4,624 506 
* iS | 
Netherlands 695 748 1,443 Ce  ———— EE —————————] 728 1/287 27015 —=—_—_______—— 4S - 
| New Zeslend 1,288 - 1,288 | 100.0 cee 4 LE 2,104 aro 2,104 2,717 ie) 
} $$ —___—_———_+ 
| Norway 614 42 656 956 Se 1,167 110 1,277 1,556 292 
| Portugel 369 341 ao) i See a 523 623 | 1/346 636 884 
| Roumania - - 862 - = = 1,925 a o 
k 
Russia - - 14,824 - —, 22,256 10,351 | 32,607 27,862 13,956 
Servie = = = > - - 359 356 134 
Spein oO 4,552 4,552 Ce ee, — , Oo 8,206 8,206 te) 9,516 
South Africa Union - - - - - - - 9,646 ie) 
Sweden 2,439 3,653 8.2, | 2,390 4,629 7,019 $400 2,743 5,845 
Switzerland 1,443 | 100.0 pec aa a eee) 2,015 fo) 2,015.) 100.0 emer 2,250 te) 
*Turkey (Europe) B66 | 100.0 pues eee 1,097 0 1,097 | 100.0 ere 1,952 
United Kingdom 17,933 —————— te) 20,073 | 20,073 ——————————— ° 23,389 
United States A 87,832 ny te) 163,597 | 163,597 Od te) 240,439 


*Govermment owed but privately operated. 


tye ore ole 


Enlai siyyanet yt tinny ot oar i Sip Nm aig 


Dee ik. Chet hee Oe ae Uk 


RAILWAYS 45 


and operation both exist, but where many lines held under con- 
cessions will later fall into state ownership. 

Table XLVIII shows the percentage of railway mileage pri- 
vately and government owned in 30 countries at the end of the 
various decades, results that are also shown diagrammatically. 

In the year 1910, of the total railway mileage of the world 
223,778 miles were government owned, 403,844 miles were pri- 
vately owned. 

In the railways classed in this statement and the above table, 
wherever the title of railways is vested in the government, even 
if they are operated by private corporations, whether by lease or 
concession, the mileage is considered as government owned. 


APPENDIX. 


Assistance has been rendered by the following and is hereby grate- 
fully acknowledged: 


American Locomotive Company 
Baldwin Locomotive Works 
Comptroller of Canadian Railways 
Congressional Library 

Interstate Commerce Commission 
Library of the Pan-American Union 
New York Public Library. 


Statistics have been compiled in part from the following: 
Archiv fiir Eisenbahnwesen. 


Austria—Statistik der in den im Reichsrathe vertretenen Konig 
reichen und Landern im Betriebe gestandenen Locomotiv-Hisen 


bahnen. 

Austria-Hungary—Hisenbahnen der Osterreichisch Ungarischen Mon- 
archie. 

Australia—Commonwealth Statistics of Transports and Communi- 
cation. 


Belgium—Board of Trade Continental Railway Investigation. 
Brazil—Annuaire du Brésil Economique. 

Canada—-Railway Statistics of the Dominion of Canada. 
Canada—Annual Report of the Minister of Railways and Canals. 
Colvin—Railroad Pocket Book. 

De Danske Statsbaner. 

English Railways, Reports and Papers. 

France—Statistique des Chemins de Fer Frangais. 
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France—Rapports par M. le Ministre des Chemins de Fer. 

Germany—Statistik der im Betriebe befindlichen Hisenbahnen 
Deutschlands. 

Great Britain’s Statistical Abstract for the Principal and other For- 
eign Countries. 

Halsey—The Railways of South and Central America. 

India—Administration Report on Indian State Railways. 

International Bureau of American Republics, Bulletin of. 

Italy—Ferrovie dello Stato, Statistica dell’ Esercizio. 

Japan—Annual Reports of the Imperial Railway Bureau. 

Lavis—The Gauge of Railways, with particular reference to those of 
Southern South America, 

Moody’s Manual. 

New Zealand Railways Statement. 

Norges Officielle Statistik. De Offentlige Jernbaner. 

Osterreichische Hisenbahnstatistik. 

Poor’s Manual. 

Railway Equipment Register. 

Schweizerische Hisenbahn-Statistik. 

Southwestern Book, The 

Spain—Annuario de Ferrocarriles. 

Sveriges Statistik—L Statens Jernvagstrofik. 

United Kingdom—Railway Returns of England, Wales, Scotland and 
Treland to the Board of Trade. 

United States Census. 

United States—Interstate Commerce Commission Reports. 

United States—Miscellaneous Documents of the House of Repre- 
sentatives. 
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Since the above paper was presented to the International 
Engineering Congress the author has received through the 
courtesy of Sr. Santiago Mendez, of Mexico City, the following 
statistics of railways in Mexico. Distances are stated in miles, 
weights in tons of 2,000 pounds, and currency in gold dollars 
(United States), two Mexican pesos being taken as equivalent to 


one dollar. 
MEXICO. 
1870 | 1880 1890 1900 1910 
GL Re eee 258 671 6,039 11,346 15,172 
iles of sidings...................- a 10 106 302 630 
otal capital...............-.......-..-. $6,103,900 | 18,000,000 | 75,432,000 | 121,105,000 | 314,500,000 
BAU OLIV CSiee ese Anos pares e 15 103 632 783 1,190 
assenger train cars.............. 20 360 935 1,450 1,819 
ea CALS 222. :tecce st seee- oo 100 300 7,652 13,021 42,150 
Total operating revenue........ $ 800,000 2,242,500 | 10,459,500 | 25,399,000 42,835,000 
Total operating expense........ $ 660,000 1,693,500 7,081,500 | 16,725,000 28,551,000 
Net operating revenue............ $ 140,000 549,000 3,378,000 8,674,000 14,284,000 
_ fe 
otal number of passengers.. 800,000 1,268,038 4,679,298 | 10,004,267 12,295,546 
Vassengers carried 1 mile...... 14,914,000 | 24,013,000 | 244,762,000 | 497,335,000 550,113,000 
“eceipts per passenger mile. $ 0.0201 0.0167 0.0136 0.0158 | ne 
TASC Ww (=0 ee 89,151 296,068 2,919,163 6,579,123 | 13,047,217 
Yons carried one mile............ 3,770,000 | 17,302,000 | 306,440,000 | 967,073,000 |2,207,135,000 
Receipts per ton-mile.............. $ 0.1326 0.1064 0.0271 0.0181 0.0173 
| 28,500 37,890 
Ay f loyees.. i : 
eco gap eress $ 9,000,000 | 13,050,000 
Jompensa tion of employees.. 
Accidents 
Killed ? 3 fs 
PUES TOYO) 4 epee oe i ib a 
aS 2 oe 73 70 100 
mjured aH re a 
SPOUTS ee eee ecteeenso- op 200 389 
FEmployees oneeeecceeeeeeene ae ms i 
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DISCUSSION 


Mr, Arnold Stucki,* Mem. Am. Soc. M. E., stated that some railroads 
were not equipped for a 50-ton capacity car in 1897, when the first 50-ton 
capacity car was ordered, but the Pittsburgh & Lake Erie Railroad was, — 
and others followed very soon thereafter. At no time since their adoption 
had the Pittsburgh & Lake Erie Railroad regarded the 50-ton capacity 
cars as too heavy. 


Mr. Chas. S. Churchill,** M. Am. Soe. C. E., said that the 60-ton maxi- 
mum capacity car is in very common use, and has been for years. On 
the Norfolk & Western Railway there are in use 100-ton maximum capac- 
ity cars, equipped with six-wheel trucks. The axle load is thus approxi- 
mately the same for the 100-ton car as for the 60-ton car, which has a 
four-wheel truck; that is, about 43,000 pounds per axle, including the 
weight of the car. 


Mr. F. Lavis,j M. Am. Soe. C. E. (by letter), stated that the construc- 
tion of the Panama Canal was made possible only by reason of the effi- 
cient organization of transportation which permitted the removal of the 
vast amount of material from the cut through the backbone of the con- 
tinent. It is entirely fitting, therefore, that this Congress should review 
both the development of the railway as the supreme agent of land trans- 
portation, its present status, and the state of the art of its construction. 


The paper before us permits of little discussion; one can only express 
admiration for the patience, perseverance and skill necessary to obtain, 
digest and so clearly set forth such a vast and so complete a mass of 
statistics covering the whole railway field of the world since the begin- 
ning of the railway era. 

Those who have attempted, even though in only a modest way, to 
compile railway statistics of any kind in more than one country will 
realize the discouraging task of any attempt to make such and so many 
comparisons as have been made by the author of this paper, and the thanks 
of the Congress and of all those in any way interested in railroads is 
due him for the vast amount of work performed and the excellent manner 
of its presentation. 

One cannot help feeling in reading this paper, and especially so if 
one has any personal experience in obtaining comparative statistics of 
this nature, that no matter what the shortcomings of the Interstate Com- 
merce Commission may have been, this country is indebted to it for a 
system of accounting and reports as applied to railways which is un- 
equaled in the world from a practical statistical standpoint. It would 
seem to be not inappropriate for this Congress to take some steps looking 
to concerted action among the nations of the world for a unified system 
of reporting statistics of railways. It may seem to be a difficult task, 

* Consulting Engineer, Pittsburgh, Pa. 


** Asst. to President, Norfolk & Western Ry., Roanoke, Va. 
7 Consulting Engineer, New York, N. Y. 
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but it is not beyond the realms of possibility if persisted in, and this 
paper will form a most excellent working basis for this purpose. 

It seems almost invidious to criticize in even the smallest degree such 
a paper as this, but one cannot fail to note the absence of any reference 
to the results of electrification of certain sections of steam railways. This 
it is true does not lend itself to statistical comparison as yet, and the 
extravagant predictions of fifteen years ago have not been fulfilled, but 
electric traction within certain limited fields, which, however, are being 
surely if slowly extended, has been an important factor in certain develop- 
ments of the present century and its possibilities are so great that no 
one can foresee the effect they may have on the future of transportation. 
The writer believes, however, that in a review of the railway field to date 
this development is of enough importance to warrant notice in this general 
review as well as in the appropriate special section devoted to this subject. 


Mr, William J. Wilgus,* M. Am. Soe. C. E. (by letter), said that the 
past of the railways of the world, as mirrered in the statistics so pains- 
takingly gathered by Mr. Parsons, displays an enormous growth in mile- 
age and in volume and density of traffic, coupled with a pronounced lower- 
ing of cost of service to the communities which they serve. 

While this is true for nearly all of the countries for which figures are 
given, the most remarkable results are shown for the United States, where 
the mileage between 1870 and 1910 increased nearly five times; capital 
invested and operating revenues, seven times; passengers carried one mile, 
over fifteen times; and tons carried one mile, forty-eight fold. 

As the volume of traffic has grown so much more rapidly than mile- 
age, it is evident that density too has mounted, and this conclusion is 
supported by the fact that passenger-miles per mile during this period 
have increased between three and four times, and ton-miles per mile, ten 
fold. 

During these four decades there has been a decrease in passenger 
fares from 3 cents to less than 2 cents per mile, and in the ton-mile rate 
from 2% cents to % cent, a drop of some 70 percent. 

With a knowledge of these fruits of railroad development in the 
United States, the question naturally arises as to what the future holds 
forth for this great agency of civilization. It is not to be expected that 
traffic will cease to rise in volume even if the past rate of growth hence- 
forth is not fully maintained, and therefore it is certain that large sums 
will be constantly required for additional and improved facilities, such as 
multiple tracking, larger and more efficient terminals, safety appliances, 
betterments in alignment, gradients, track and roadbed, elimination of 
grade crossings, metal passenger cars, more powerful lovosietines; and the 
substitution of electricity for steam motive power jn great centers of 
population and on limiting gradients. , ' 

Hitherto private capital has been freely obtainable for this quasi- 
public service, but the trend of the times seems to indicate that a marked 
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change is pending, and that steel highways like their humble prototype, 
the post road and turnpike, are to pass to governmental ownership. 

In Europe this movement, already quite well advanced in several 
countries, appears likely to be hastened by the war, which promises to 
revolutionize many hoary customs of the past. 


In the United States the increased press of governmental regulation, 
without the sobering accompaniment of financial responsibility, apparently 
cannot fail to dry up the sources of private investment and force the 
nationalization of railways in order that they may be extended and im- 
proved to meet the needs of the public. In fact the laborious and ex- 
pensive physical valuation of railroads now under way by the Interstate 
Commerce Commission, although ostensibly in the interest of rate regula- 
tion, would seem to point toward the more practicable purpose of estab- 
lishing a basis for their ultimate acquisition by the government. 


The fear is often expressed that, judging from unhappy results in 
other countries, the government ownership of the railroads of the United 
States will result in dangerous political control and in the dry-rot and 
inefficiency that are always present where initiative, so essential to suc- 
cess in private enterprise, is lacking. The recent disclosures of scandalous 
breaches of trust in the management of certain prominent railroads have 
lent force to the arguments of those who reply that the evils that flow 
from government ownership can be no worse than those that are so patent 
under private control. 

Thus facing the alternatives of continued irresponsible governmental 
regulation of hectored and financially embarrassed privately owned rail- 
ways, or their ownership outright by the government, it would seem in- 
evitable that the latter eventually will come to pass; and that this being 
so, every effort should be made to guide the movement so that justice may 
be done to those who in good faith have invested their money in the devel- 
opment of the country, and so that a plan may be formulated that will at 
least minimize, if not remove, the well-known evils of governmental 
ownership. 

If the matter is allowed to drift, in the fond illusion that in some way 
the status quo ante will be restored, the outcome is liable to be the 
gradual impoverishment of the railways through unfair regulation, aceom- 
panied by disaster both to their owners, the investing public, and to the 
public at large whose well-being is intimately bound up in the prosperity 
of its systems of transportation. Likewise the drifting policy may result 
in the belated assumption by the nation of a gigantic task for which it 
will be totally unprepared. 

Summed up, it would appear that the existing antagonism between 
public regulatory bodies and the private management of railways in the 
United States is resulting in a deadlock that threatens entirely to stop 
the flow of capital into needed facilities for a constantly expanding 
volume of traffic, and that the component of forces is heading toward 
government ownership, to which the country as yet has not opened its eyes. 
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INTRODUCTION. 


This paper is, from its very nature, largely a compilation 
of information from many sources, to name all of which would 
be impossible in the limited space available. Assistance has 
been freely rendered by the ambassadors and ministers of the 
foreign countries in Washington and our own representatives 
abroad. Many railways through their executives and others 
have furnished direct information, and much has been compiled 
from official government reports, ete. 

It has not been possible to obtain all that was desired in 
some cases, especially as the war has in many cases caused a 
reduction of staffs, both on railroads and in other places, which 
has precluded the possibility of compiling much detailed in- 
formation. The general observations in regard to the United 
States of North America, Argentine, Brazil, Uruguay, Paraguay, 
Guatamala and Salvador, while based on general sources of in- 
formation, have been verified also by the writer’s personal 
knowledge. 

Unless otherwise stated, all amounts of money are quoted 
in dollars, practically equivalent to United States gold. 
General Considerations. 

The past decade, covering the opening years of the twen- 
tieth century, will probably be looked upon in the future 
as, in many respects, a period of transition for the railways of 
both North and South America. This would probably have 
been the case in any event, but the great European War, which 
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started at the end» oe the year 1914, will not unlikely serve to 
further emphasize” a change of considerable importance in the 
relative status of the principal countries of Europe to those of 
North and South America, in so far as it may tend to destroy 
to: “some extent the great preponderance of surplus capital in 
:Bifope as compared with the rest of the world, and bring the 
-’ United States of North America forward as one of the world 
centers of finance. 

In order to get a proper perspective of the status of the 
railways of North and South America at the present time, it is 
necessary to call to mind the fact that in this comparatively 
new western world, the development of the railways and their 
extensions into undeveloped territory has been unlike and 
quite the opposite of the development in Europe, inasmuch as 
they have been the necessary forerunners of any other form 
of development, and not the development of existing lines of 
communication between already established centers of com- 
merce. 

The rapid development of the railways of the United States 
has been dependent to a large extent on foreign capital, though 
the almost unlimited natural resources of every kind, both of 
food products and manufactures, have made such dependence 
more a matter of convenience than compulsion, except in the 
matter of time. Toa smaller extent, this is also true of Canada, 
but for many reasons, the development of the vast areas of 
Central and South America has been, and will likely continue 
to be, nearly entirely dependent on foreign capital, which in 
the past has been almost wholly European. 

During the nineteenth century, the development of the 
then virgin resources of North America was naturally a more 
attractive field for European investors than was South America 
in which, with but few exceptions, stable governments were 
not established until towards its close, and in which climatic 
and other conditions were not so favorable. North America 
and especially the United States is entirely in the temperate 
zone. It is adapted to the living requirements of the people 
of practically the whole of Europe, so the great tides of emi- 
gration and capital from Europe during the past century flowed 
toward the northern part of the Western Hemisphere, and at 
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the opening of the twentieth century, that is to say at the be- 
ginning of the decade now under review, the development 
period was practically closed in North America so far as the 
opening up of new territory was concerned, and it was entering 
on the intensive development of the resources, the exploitation 
of which had already been started. 

Also during the nineteenth century, the great source of 
wealth of North America, and the factor which has principally 
influenced the lines of its development, has been the surplus 
production of food products, both pastoral and agricultural, 
which were exported to Europe, serving as payment of the 
interest on the borrowed capital and for the luxuries or other 
goods, which it was necessary or desirable to import. 

During the latter part of this period, however, as the manu- 
facturing industries were being rapidly developed, the relative 
proportion of the population engaged in manufactures and com- 
mercial life to those engaged in the production of food lke- 
wise increased, so that more and more of its food products 
were consumed at home, with a consequent tendency towards 
a diminished volume available for export. Up to the present, 
the increased area under cultivation has nearly kept up with 
the demand, but the tendency is toward a decrease in the sup- 
ply of food products available for export, and an increase of 
the manufacturing and commercial element of the population. 
There have been, indeed, actual imports of such products as 
corn (maize) and beef, and there are many indications of a 
tendency towards an increase of imports along these lines. 

The manufacturing interests of North America have, up 
to the present, been kept busy supplying the needs of their 
own country, but their capacity has increased now to the point 
where they must look for outside markets in order to keep their 
plants fully occupied, and this also is to some extent forced on 
the country by the necessity of increasing the volume of exports 
to offset the imports, and to repay its obligation both of capital 
and interest to its European creditors. 

The growing demand in Europe, in fact all over the world, 
for food products, and by food products is here meant gen- 
erally the staples, cereals and meat, has turned all eyes to those 
areas where they may be produced in abundance, which besides 
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North America are principally Asiatic Russia, Australia, New 
Zealand, South Africa and southern South America. This 
paper is only concerned with the effect of this economic de- 
velopment on the last mentioned area. 

Of course, local developments at many points throughout 
both North and South America will be governed by local con- 
ditions, but it is believed that the above indicates generally the 
main trend of events, which have governed the general develop- 
ment up to the present and which will have the greatest influence 
in the immediate future. It seems not unlikely that the United 
States of North America must take a greater and ever increas- 
ing interest in the development of South America, and will 
take a not inconsiderable part in lending financial aid to this 
end (this even in spite of its own foreign indebtedness), and 
also, that by reason of this and of the necessity of developing 
its markets for manufactured products, North American engi- 
neers and railway managers will have some voice in the de- 
velopment of its transportation systems on the large scale and 
with the same economic success which has been so marked in 
the United States, where the conditions in the past have been 
much the same as those existing today in South America. 

Table No. 1* shows the length of operated lines of all the 
countries of North and South Ameriea, distributed as to gauge, 
and showing the lengths in proportion to area and population 
of each country, and given in the order in which the more de- 
tailed descriptions follow. In the paper, the lengths are given 
in miles for North America and Mexico, and in kilometers for 
all the other countries, though for this table the mileage has 
been converted, for the sake of uniformity, to kilometers for 
all countries. (It may be convenient to remember that the 
kilometer is approximately equal to 0.62 mile.) This table has 
been compared with various similar tables, and while it seems 
almost impossible to obtain accuracy in this matter, the gen- 
eral results are substantially the same, or where they differ, 
it has seemed that the figures given in this table were more 
nearly correct. It has seemed advisable to give the number of 
square miles and number of inhabitants per unit of railway 
rather than vice versa, as has been usual, as tending to show 


* All statistical tables are given at the end of paper. 
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the area and population tributary to the unit length of railway 
in. operation. 


NORTH AMERICA. 
Canada. 


The notes in regard to the railways of Canada are based 
largely on articles by J. L. Payne in the Railway Age Gazette 
of Jan. 24, 1913, and Feb. 6, 1914, and on the official statistics 
for the year ending June 30, 1913. Many of the comparative 
statistics cannot be given for the period previous to 1907, as 
at that time a new system of accounting, similar te that pre- 
seribed by the Interstate Commerce Commission in the United 
States, was put into effect. In passing, it may be mentioned 
that the methods of operation of the Canadian railways, as well 
as those of Mexico, are practically the same as those of the 
United States, and traffic and rolling stock are freely inter- 
changed. 

The railways are mostly operated by private companies, 
but the Intercolonial, 1500 miles, two other lines aggregating 
400 miles (all standard gauge), and the Prince Edwards Island 
Railway, 270 miles, of 3’ 6’”” gauge, are owned and operated by 
the Government. 

Canada claims the distinction of possessing the largest 
single railway system in the world; namely, the Canadian 
Pacifie with 11,600 miles of main line, 15,700 miles of track, 
and a total capitalization of almost five hundred million dol- 
lars, of which only 20 million is bonded indebtedness (July 
30, 1913). Perhaps, however, the most striking feature, in 
connection with Canadian Railways during the past decade, 
has been their very considerable expansion, and the very active 
part taken by the Government in promoting this, both by 
actual construction for its own account and by aid in the shape 
of cash bonuses and land grants to private companies. Lat- 
terly, guarantees, in many cases of both principal and interest, 
have been the more popular form of aid. The total amount of 
the subsidies granted up to June 30, 1913, was as follows: 


Dominion Provinces Municipalities Total 
Cash $163 ,251,469 $ 36,500,015 $18,078,673 $217 ,830,157 
Ne a ie coer eae ) i 
Lands (Acres) 31,864,074 11,697,375 43 561,449 


Guarantees ...... 95,486,590 179,473,784 274,960,374 
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These lands were selling at from $12 to $15 per acre in 
1912, and the price has been steadily increasing. 

The mileage of new lines under construction, or not yet 
officially placed in operation on June 30, 1913, was: 


Surveyed) ee... 6,558 

Under Contract ...............-.- 8,591 
Completed == 3,498 

otal tcc. se eee 18,647 


The most important of the new developments of the past 
decade has been the National Transcontinental line or the 
Grand Trunk Pacific, which was started in 1906, and which is 
now practically completed. It extends from Moncton, N. B., on 
the Atlantic to Prince Rupert on the Pacific, and is about 3550 
miles in length. The eastern half was built directly by the 
Government, the western half by the Grand Trunk Pacific 
Railway, for the Government, and the whole, as well as the 
old existing lines of the Grand Trunk Railway Company in 
eastern Canada, is to be worked by the Grand Trunk Pacific 
Railway Company. This line has gradients of 0.4%, and even 
across the Continental Divide, which is passed at the compara- 
tively low elevation of 3718 ft., this is only exceeded on one 
short stretch of 20 miles, of 1%, operated as a Pusher Gradient. 

A third transcontinental line, The Canadian Northern, has 
also been developed. The main part of this system at present 
lies to the northwest of Winnipeg, with an outlet to Lake 
Superior at Port Arthur; it is being extended westerly, via 
the headwaters of the Peace River, and through the Fraser 
River Valley to Vancouver, and has under construction a line 
to the north of the Great Lakes to connect with lines already 
owned in the provinces of Ontario and Quebec, which will give 
it eventually a through line from ocean to ocean. 

The most remarkable development has been in the provinces 
of Saskatchewan and Alberta as far north as Latitude 54, which 
only a few years ago were thought of as part of the barren 
Arctic wastes, but which now are known to contain fertile, agri- 
cultural land adapted to the cultivation of wheat and the hardy 
cereals, and which are served by many lines of railway. 
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A noticeable fact, in connection with operation, is the in- 
creased use of fuel oil, less than 2 million gallons having been 
used in 1912 and over 30 million gallons in 1913. Over 22 
million cross-ties were used in 1913 at an average cost of 48 
ets. each, as compared with 37 cts. in 1907 and about 28 cts. 
in 1900. This naturally has increased the number of treated 
ties. The Canadian Pacific, which, owing to the large land 
grants, has been in a very strong position financially, has carried 
out and is planning very extensive improvements of its lines, 
and is said to be considering the utilization of some of the 
water power for the operation of its mountain lines by electric 
traction. It has also undertaken extensive irrigation projects 
for the development of some of its lands near Calgary, Alberta. 

The general condition of the railways is shown by statisti- 
eal tables 2 and 3. 

United States of North America. 

It has already been noted that, so far as the railways of 
the United States are concerned, there are virtually no new 
areas to open up, or new trunk lines to build. The future de- 
velopment, therefore, will be principally in the extension and 
improvement of existing systems. The necessity of building 
lines in the early days as cheaply as possible, in order to de- 
velop new areas, has been followed by the necessity of improv- 
ing them to take care of the ever increasing volume of busi- 
ness. By the close of the nineteenth century, the movement 
for the improvement of existing lines, by reducing gradients 
and straightening the alignment, improvements in road bed and 
equipment, installation of block signal systems, and the con- 
sequent possibilities of imerease of train loads by the use of 
heavier locomotives, etc., was well under way, and has con- 
tinued with little abatement up to within the past few years, 
when the general financial depression of the whole world, 
coupled with the somewhat onerous regulation by both national 
and state commissions, has forced a halt. 

There have been some notable applications of electric 
traction to the operation of portions of steam railroads, but 
the great expectations for general electrification, indulged in 
at the beginning of the twentieth century and encouraged by 
the great success of electric traction for urban and interurban 
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lines, have not been realized. Indeed the great strides which 
have been made in the development of increased power and in 
economy in the operation of steam locomotives make this now 
seem to be farther away than ever. There has, however, un-. 
doubtedly been on the whole, great progress along this line, the 
details of which must be left for the paper dealing with this sub- 
ject, it being only necessary to point out here that, up to the 
present, the substitution has, with a very few exceptions (the 
section of the Chicago, Milwaukee and Puget Sound across the 
Bitter Root Mountains being perhaps the most important), been 
made only in cases where the use of steam was impossible or dif- 
ficult owing to other reasons than its economy as a medium for 
the application of power directly to the movement of trains, such 
as in the operation of great terminals or long tunnels or other 
special cases. The continued development in increased capacity 
of locomotives and ears, increased train loads and consequent 
economies in operation, in which the United States has been 
the leader, are to be noted, though details are left for the 
appropriate section dealing with these subjects, as is also the 
development of all steel cars for both freight and passenger 
service. 

Perhaps the most vital feature to the well-being of the rail- 
roads as a whole since the latter part of the last century has 
been the development of regulation by both state and national 
commissions. The almost entire absence of any effective regu- 
lation, up to nearly the end of the nineteenth century, had been 
one of the most marked points of difference between the rail- 
ways of the United States and those of practically the whole 
of the rest of the world. This, as might be expected, undoubt- 
edly led to abuses of privilege on the part of the railroads, and 
the consequent reaction when the State and Federal Govern- 
ments attempted to regain their authority and assert their 
regulatory rights. There was, however, no trained body of 
men in existence, nor any available, outside of the ranks of 
the employees of the railroads, to take up the numerous and 
greatly involved technical problems, which had and still have 
to be solved in order to carry out intelligently, and for the best 
interests of the country, the necessary and really desirable 
regulation ; consequently not only were the heads of these com- 
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missions, in many ceases, appointed from the ranks of the 
politicians, or were lawyers with little or no practical business 
experience, and least of all railroad experience, but also, in 
many cases, the employees and so-called technical advisers 
lacked the requisite broad training and experience. The result 
at first, in response to the clamor for regulation, was more 
nearly like oppression, due to a desire to acquire political 
prestige as well as apparently to punish the railroads for their 
past misdeeds which most surely had existed, rather than a 
desire to provide for efficiency in the future. 

Laws of all kinds were passed, ordering certain things in 
some states which were proscribed or prohibited in others, or 
which were proscribed by the State and ordered to be carried 
out by the Federal Government or vice versa. The railroads 
were forced to accede to frequent demands by their employees 
for increased wages, and have had to face increases in the 
prices of much of the material (especially in the important 
item of cross-ties) which they have had to purchase. In spite 
of all these increases in the cost of labor and materials required 
for operation, they have not only been denied permission to 
increase their tariffs or rates, but in many cases these have been 
lowered by order of the regulatory commissions. The deficit 
has been to a large extent met by improved methods and in- 
creased efficiency in operation, but the margin of profit has 
been steadily decreased, until the railroads were forced at last 
to make a concerted appeal for higher rates. This was denied 
except in certain minor instances by the Federal regulatory 
body (the Interstate Commerce Commission) in the early part 
of 1914, but the exigent conditions, brought about by the war, 
forced a reconsideration in the latter part of the year, which 
resulted in a general increase of about 5% in freight rates and 
some increase in passenger rates. 

One quite important development, which has been the 
direct result of the assumption of control by the Interstate 
Commerce Commission of the affairs of the railroad, has been 
the decision to make a ‘‘valuation”’ of their properties. This 
work was commenced towards the end of the year 1913, and is 
now beginning to get fairly well under way. It seems to be 
the intention to keep this valuation up to date, once it is ob- 
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tained, and to use it as at least a partial basis, if not wholly, 
for the determination of any questions which may arise in re- 
gard to the issue of new capital or securities and as to the 
reasonableness of rates. There are some signs at the end of 
the year 1914, that, owing to the realization that the cost of 
making this valuation will be quite a little greater than was 
anticipated, and of the fact that the possibility of its applica- 
tion to the solution of rate problems is so vague, there has 
crown up a feeling of doubt as to its practical utility. 

It has been suggested that it might be used as a basis for 
the actual acquisition of the property of the railroads and their 
operation by the Government, but it seems probable now that 
public sentiment is on the whole opposed to this. During the 
decade under review, there has been carried on a most exten- 
sive campaign of publicity, both by the railroads and their 
critics, through the medium of the many thousands of news- 
papers and magazines, which circulate everywhere so exten- 
sively ; and to the writer the result seems to be a general awak- 
ening of public sentiment against any idea of government 
ownership, in favor of efficient federal regulation and rates 
high enough to insure efficient service and to provide a suffici- 
ent return so that new capital will be attracted for the con- 
tinued development of facilities for handling traffic, together 
with a recognition of the fact that the prosperity of the coun- 
try is very intimately related to the prosperity of the railways. 

The actual situation of the railways of the United States, 
however, at the end of the year 1914, is that they have many 
millions of dollars worth of obligations coming due, which they 
are finding it difficult to refinance, owing not only to the fact that 
their greatly decreased earnings do not make the investments at- 
tractive, and that the war has caused a contraction of all credits, 
but also owing to the feeling of uncertainty as to the future atti- 
tude of the legislative and regulatory bodies. 

For several years past also, the railways have found it in- 
creasingly difficult to raise sufficient new capital to carry out 
urgently needed improvements and enlargements of their ca- 
pacity for handling traffic. During the period of depression, 
which has existed for some four or five years past, the lack of 
capacity has not been felt, but when the inevitable reaction 
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comes, and the railroads are called upon to handle the in- 
creased volume of business which prosperous times will bring, 
the ensuing congestion will prove a source of expense, which. 
will offset any advantages that the increased business might 
otherwise be expected to bring. Another economic factor which 
may develop as a result of the war will be in the partial clos- 
ing at least of the European markets as sources of capital for 
these necessary developments, and consequently the necessity 
of dependence, to a much greater extent, on home resources; 
and as has already been noted, it may be necessary, or at least 
very desirable, for the United States to help in the develop- 
ment of the resources of South America. 

So far as the railways are concerned, the financial problem 
is one of not a little importance. It is possible that the con- 
tinuance of the war may result in the extra stimulation of 
American manufacturing industries, and to meet such demand 
will require the investment of capital. To transport the prod- 
ucts, the railroads must have facilities, the provision of which 
will in turn require still more capital. The solution of this 
problem will require the most skiliful handling and the co- 
operation of all concerned, bankers, merchants, and capitalists, 
as well as railroad managers; but it is believed that it can be 
solved under careful, consistent and wise regulation of the 
Federal Government untempered by socialistic or too radical 
tendencies. The general situation, so far as regulation is con- 
cerned, is well summed up in the report of the President of the 
Pennsylvania Railroad to the stockholders in his annual re- 
port for the year ending June 30, 1914. He says, ‘‘The loss of 
control by the railroads of working conditions, the regulation 
of wages, and the transportation rates, as a result of Federal 
legislation, has become a practical fact. It is difficult to escape 
the conclusion that some way must be found whereby the seri- 
ous but divided responsibility of governmental regulation of 
rates, wages and other railway matters shall either be concen- 
trated under one administrative branch of the Government, or 
the results of legislative acts, orders of commissions and awards 
of arbitration boards shall be recognized by rate regulatory 
commissions, so that regulation of rates, wages and other mat- 
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ters may continue, without working a manifest injustice to the 
railroads and to those who have invested in their securities’’. 
Table No. 4 shows the general growth of the railways of 
the United States for the decade 1902-1912, the latter being the 
last year for which official statistics are available. It is to be 
noted, however, that while the general growth of the railways 
has continued during the two years since that time, it has been 
in a much lessened degree, and the net returns have been very 
greatly reduced, leading to the situation outlined above. The 
gradual improvement in the net returns, as shown in the table 
by the increase in dividends, has not been continued, and while 
the average rate of wages had increased to $2.49 in 1913, the 
average freight rate per ton mile had been reduced to 0.727 
ets., the trend for the four years 1911-14 being shown by the 
following table, the data being given per mile of line. 


Year. 1914 1913 1912 LOMA 
Total operating revenues .......... $13,267 $13,730 $12,605 $12,580 
Net He i ae ead 3,709 4,216 3,888 3,955 
Operating uneomen esses ee 3,094 3,669 3,360 3,476 


During the year 1914, the increase in the mileage of new 
lines built was only 1532 miles, the smallest amount since 1895, 
and the first year when the new mileage in Canada was greater 
than in the United States. For comparison it may be noted 
that the greatest mileage of new lines in the United States was 
6026 miles in 1902. 

The number of locomotives built in 1914 was 2235, as com- 
pared with 5332 in 1913, and the number of freight and pass- 
enger cars 108,232 in 1914, as compared with 210,980 in 1913. 
Alaska. 

The comparatively rapid development of Alaska during 
the past fifteen years, due to the discovery of gold in the Yukon 
Valley, ete., has resulted in the construction of some 466 miles 
of railway, about 300 miles of which are standard gauge, the 
rest narrow gauge. The first line (the White Pass and Yukon) 
has 20 miles in Alaska and about 82 in Canada; it was built 
in 1898-1900. The most important line is the Copper River and 


*Taxes deducted, other income added. 
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Northwestern from Cordova to Kennicott, a standard gauge 
line of very substantial construction, 195 miles in length. 
Other lines are: 


Alaska Northern-Seward to Turnagain Arm.................. 72 miles 
Tanana Valley Railway (narrow gauge)... AG wie 
Seward Peninsular Railway ‘‘ Po aerate a ee oe — 
Council City and Solomon River Railway........ ee opie 


The question of the proper development of the vast min- 
eral resources of Alaska, coal of good quality and copper, as 
well as the precious metals, led to various investigations by the 
Government of the United States, and finally, as the result of 
the report of a commission appointed by President Taft in 
1912, an act of Congress was passed, which authorized the 
President to proceed with the construction of 1000 miles of 
railways at a cost estimated not to exceed $35,000,000; $1,000,- 
000 was actually appropriated, and during the summer of 1913, 
preliminary studies of some of the proposed routes were made. 
It now seems probable that surveys will be continued in 1914 
and construction started at an early date. 

Newfoundland. 

The railways of this colony of Great Britain are 3’ 6” 
gauge. The first line was built in 1880, and construction has 
progressed since then up to the present total of 724 miles. The 
lines are owned by the colonial government and leased to and 
operated by a private corporation. 

Mexico. 

The total length of lines in operation, up to June, 1914, was 
approximately 12,000 miles, of which about 1200 miles were 
narrow gauge and the rest 4’ 84%4’’. The narrow gauge lines 
are generally feeders and short lines to mining districts in the 
mountains, but one of the trunk lines from the United States to 
Mexico City, the Mexican National, was built originally nar- 
row gauge and afterwards changed to 4’ 814””.. The oldest line 
in Mexico dates from 1854, but the principal development has 
been since 1880, and was practically coincident with the ad- 
ministration of President Diaz. It was largely influenced by 
North American interests and capital. 

The most important development during the past decade 
was undoubtedly the acquisition, in 1908, of the control of 
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approximately two-thirds of the mileage by the Federal Gov- 
ernment. It is stated that the idea of this merger originated 
with the group of North American capitalists who then con- 
trolled the Southern Pacific-Union Pacific Systems, but that 
fear of control of the extensive transportation systems of the 
country by foreign interests led the Mexican Government itself 
to adopt and carry out the idea. The method adopted was 
practically that of the formation of a holding company (The 
National Railways of Mexico), the common stock of which was 
‘‘water’’ or ‘‘bonus stock’’, but which carried the voting con- 
trol. This scheme gave the government virtual control with- 
out the investment of capital, but there were provisions in the 
agreement which appear to secure the interests of the stock- 
holders in the constituent companies, whose money still re- 
mained as the invested capital. 

The revolutions of the past three years have of course 
stopped all progress and new construction; much damage has 
been done to the lines, traffic has been frequently suspended, 
and the future is uncertain. 

The following information and data are taken almost en- 
tirely from Poor’s Manual for 1914. 

The National Railways of Mexico operate some 8000 miles 
(387 miles of which are narrow gauge). , The lines of this sys- 
tem extend from the border of the United States on the north, 
to Guatemala on the south, with branches to Tampico, Vera 
Cruz and all important cities. This system is a consolidation 
of a number of lines built by private enterprises, which were 
taken over in 1908, and at various times since, by an arrange- 
ment for exchange of securities, which gave the Federal Goy- 
ernment virtual control (with some limitations) of the opera- 
tion of the lines. 

The operating statisties of part of the system for the years 
ending June 30, 1909 and 1913, are as follows: 


Year 1909 1913 
Wuength’ us. eae eee 5,227 6,089 
Passengers, ails krnicec eeeerrreenees 579,000,424 747,511,071 
Tons, ( kiiee nee 1,979,734,017 2,006,856,051 
Gross earnings (Mex.)..........-..--- $48 805,522 $57,370,282 
Expenses (6) eee $29,166,893 $36,243 947 


Net COD ee era $19,638,629 $21,126,335 
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| Dividends amounting to 4% per annum were paid on the 
first preferred stock up to February, 1913, but none since. No 
dividends have been paid on the second preferred or common 
stock, of which two latter there are about 200 million pesos 
outstanding (1 peso = 45 ets. gold). 

The most important of the lines comprising this system 
are the following: 

Mexican Central 
National of Mexico 
Mexican International 
Interoceanic 

Vera Cruz and Isthmus 
Mexivan Southern 
Pan-American 

The most important of the other lines are the following: 

The Mexican Railway Company, built 1865 to 1870 from 
Vera Cruz to Mexico City, is one of the oldest lines. It operates 
altogether 374 miles. It had a total annual revenue of about 
$8,000,000 (Mex.) and operates for about 50%. 

The Tehuantepec Railway, crossing the Isthmus of Tehuan- 
tepec, was rebuilt by the Mexican Government about 10 or 12 
years ago, and extensive port works constructed at its terminals, 
with the idea of developing a short connecting route between 
the Pacific and Atlantic Oceans. 

The Southern Pacific Company has built nearly 1000 miles 
southerly from Nogales, Ariz., through Guaymas, down along 
the western coast. 

The United Railways of Yucatan operate some 500 miles in 
the State of Yucatan, from Merida. Operations for the year 
ending December 31, 1911, showed the following results: 


Passengers carried ~...----.----------------e0 1,056,189 
Tons freight ......-.---------2-------ee 381,719 
Gross CArMingS.....-.-----.-------------eeeeee $3,003,940 

$1,758,035 


TEXPeNses -....-..2---nece-nereseeeeeeesnseecetectecseesneeees 
THE PAN-AMERICAN RAILROAD. 


A discussion of the status of the general railroad situation 
in North and South America would hardly be complete without 
reference to the project for a continuous line of railway uniting 
all the countries of the two continents, which was one of the 
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results of the Pan-American Congress held at Washington in 
1889-90. Surveys (detailed reconnaissance) were made during 
the years 1891 to 1893, and maps and profiles of the route 
selected for a line from Southern Mexico to Chile and the 
Argentine were published in 1898 with the final report of the 
Commission, which had been appointed to carry out the work. 
The cost of the surveys and report was borne by the countries 
represented at the Congress, in proportion to the numbers of 
their respective populations. 

At the Third International American Congress held at Rio 
de Janeiro in 1906, a permanent Pan-American Railway Com- 
mittee was appointed, which made a formal progress report to 
the Fourth Congress, held at Buenos Aires in 1910, which re- 
port, in summing up the general situation at that time, showed 
that between Washington, D. C., and Buenos Aires in the Ar- 
gventine there were 


Constructedie sas tee es. eee teres 6,012.9 miles 
MOD ORCONS bY WC EC Caren eee eee 4,198.6 ‘ 
WI WOH hates See are ces: aa eee eee ee ete TO 2dAdeS & 


The report concluded with the following paragraph: ‘‘The 
indications now are that the time is drawing near when men 
of large affairs, capable of financing such a project, will under- 
take the building to completion of the Pan-American Railway. 
Within four years, it is promised that the oceans will be joined 
at Panama. If the present favorable indications have not been 
misjudged, an all-rail route should join Panama with Mexico 
and Washington in 1915, and with Buenos Aires, Santiago and 
Rio de Janeiro, a few years later’’. 

In spite of the optimism of this report and the tone of the 
resolutions of the various congresses it seems somewhat unfor- 
tunate that continuous effort should be made to show that the 
actual construction of such a hne, as a through transportation 
route, is a practical commercial possibility or even desirable at 
present. It is eminently desirable, of course, that the interested 
countries be kept in mind of the fact, that so far as may be 
feasible in the natural development of their transportation 
systems, such lnes should follow routes and adopt standards 
of construction, which will eventually allow them to be made 
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part of this through line of communication. It is, however, the 
firm belief of the writer that the advocacy of the commercial 
practicability of this route, as a line of through transportation, 
will not only discredit the promoters as practical business men, 
but that it will be, in many cases, a detriment rather than a 
benefit to the countries through which it may pass, inasmuch 
as money spent on this project will, by that much, delay the 
construction of the very many other lines of transportation, 
far more urgently needed. (See also notes in regard to the 
Chilean Government railways.) 

It may be pointed out, in regard to the statement quoted 
above, showing that approximately 60% of the total distance 
between Washington and Buenos Aires has already been built, 
that 40% of the total is in the United States and Mexico, and 
the other 20% is nearly all in Peru, Bolivia and the Argentine, 
this latter 20%, however, being made up almost entirely of lines 
which hardly pay operating expenses. The 4000 mile stretch, 
comprising the other 40% yet to be built between Guatemala 
and Peru, lies for almost its entire length through the most 
difficult country and along lines, which, at least for the present, 
hold out no hope of commercial development on a scale which 
warrants much of the necessary expenditures, or even offers 
reasonable prospects of furnishing sufficient business to permit 
the earning of operating expenses. 

That eventually, of course, the railway lines of all-the 
various countries will be so extended and connected up, that 
there will be a continuous line of railroad from Alaska to Cape 
Horn, no one can doubt, but that this will only be by the 
natural process of development, seems equally sure. 

As a practical, main, through transportation route from 
the United States to South America, the project is entirely vis- 
ionary so far as may be judged with our present knowledge of 
methods of transportation or in view of any future possibilities 
which it now appears reasonable to expect. Even if such a line 
as has been contemplated were in existence today, transporta- 
tion of both passengers and freight between North and South 
America at least, and also between many or most of the indi- 
vidual countries, could be carried on much more comfortably, 


cheaply and expeditiously by water. 
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In the north, the railway lines of Canada, the United 
States and Mexico are united and permit continuous through 
transportation without break of bulk, from northern Canada 
to the boundary between Mexico and Guatemala on the south. 
The lines of this latter country, though of different gauge, have 
been extended to meet those of Mexico, and there is reasonable 
assurance that within the next five or six years, there will be a 
through communication from Guatemala, through Salvador and 
Honduras to Nicaragua. 

In the south, the lines of the Argentine and Chile extend 
to their northern boundaries. The lines of the latter connect 
with the railways of Bolivia, and only a short gap remains to 
connect those of the former. The railways of Bolivia connect 
on the north (by steamer route across Lake Titicaca) with 
those of southern Peru. Buenos Aires has through rail connec- 
tion with Asuncion, the capital of Paraguay, and the railways 
of Uruguay connect with those of Brazil, permitting through 
transportation from Montevideo to Rio de Janeiro. Within a 
reasonable length of time, probably easily within the next ten 
years, the lines in both Paraguay and Brazil will connect with 
the existing lines in Bolivia. 

It seems unlikely, however, that any of these routes (with 
some few exceptions), excepting those presenting the lines of 
least resistance fom the interior to the coast, can become 
through transportation routes in the sense that the main trans- 
continental lines of the United States and Canada are. 

Gauge. 

The above conclusions are based wholly on economie con- 
siderations, and are entirely apart from the fact of the differ- 
ences in gauge. Canada, Mexico and the United States, like 
Europe, long ago adopted 4’ 814” as the standard. Central and 
South America, with some notable exceptions, seem to have 
been carried away by the fallacies of the narrow gauge. This, 
perhaps, would not have been so bad, in spite of the fact that 
anything less than 4’ 814” is inadequate for the transportation 
system of a continent, except that the narrow gauge varies not 
only with each frontier, but often within the borders of a single 
country (Chile has lines of eight different gauges), the 
most common widths being 2’ 6”, 3’ 0’, 1 m. (3’ 334”) and 
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3’ 6’”, so that through transportation, even where the rails reach 
the various borders, can only be a sentimental vision, unless 
some concerted action can be taken to overcome this difficulty. 
This phase of the question seems to have been entirely over- 
looked by the advocates of the Pan-American Railway as a 
through route. 

For the present, this question of gauge is most serious, as 
it affects the development of southern South America in the 
vast plain which stretches practically from Patagonia to the 
Amazon and from the Andes to the Atlantic. The Argentine 
is struggling with three gauges; Uruguay and Paraguay have 
the standard, 4’ 814’’; and Brazil has mostly 1 meter, a gauge 
wholly inadequate for the development of its vast territory, 
with bulk freight to be hauled long distances at low rates. This 
subject has, however, been treated of in extenso by the writer,* 
and is, therefore, only mentioned as a matter of vital interest, 
in connection with the present operation and future develop- 
ment of the railways of this section. 


CENTRAL AMERICA. 
Guatemala. 

The railway lines of Guatemala (except the Verapaz Rail- 
way, 40 km.) are now all consolidated under the management 
of the ‘‘International Railways of Central America’’, which 
also controls certain other lines and concessions in Salvador and 
Honduras. The system comprises essentially an east and west 
line across the country from Puerto Barrios on the Atlantic, 
via the capital, Guatemala City (elevation 4910 ft.) to the Port 
of San José on the Pacific, with a line running northerly from 
near San José along the Pacific coast to the border of Mexico. 
The consolidation was completed in 1911, the original constit- 


uent lines being as follows: Length Date ot 
Miles Construction 
Guatemala Northern. .....------------------------- 194.9 1892-1907 
Guatemala Central .......----2----------+----------- 138.6 1878-1903 
Ovaee esta sc: /k- isos eee bey ere ere creeerenene Sila 1884-1899 
Pan-American Extension .......----------------- 40.0 1910-1914 
YESS, yee sk are eee ee 23.0 1896-1899 
447.6 


* Transactions, American Society of Civil Engineers, Vol. LXXVIII 


(1915). 
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There are approximately 48 miles of sidings and yard 
tracks in addition to the above. 

Practically all these lines have received substantial sub- 
sidies in cash or lands or both. For the Guatemala Northern, 
the Government guarantees the deficit, if any, between the net 
earnings and 5% interest on $4,500,000. The gauge $5370 
The gradients on both the Guatemala Northern and Guatemala 
Central are 3.6% on approximately one-third of their lengths, 
and there is considerable curvature on the mountain sections, 
with maximum curves of 19 degrees (300 ft. radius). 

The equipment of the combined lines is as follows: 


TOC OINO GIN CS. co deres cece et ee foe ener noe ac cee meson a2 7 

Ba gra prena im Cie Metis Can Gases crests enasecee eeenen seen 21 
PASSEMDCLNCAT Simca sects. eee cece eee aee er eee 93 
Freight ie SR. SAD we Sie ee er eee ee 1,354 
Service Sat cS cae a Sha eet 48 


The comparison of the financial returns from these lines, 
over any extended period, is difficult owing to the many changes 
in management and various methods of accounting, fluctuation 
in the value of currency, etc. There has been, however, a very 
decided increase in earnings during the past few years, due to 
quite a large extent to the development of the Motagua Valley 
for the cultivation of bananas and to the efficiency of the manage- 
ment. The following table is in United States Gold: 


1906 1913 

Earnings Expenses Earnings Expenses 

Guatemala Central .............. $821,927 $501,351 $806,977 $388,645 
1908 

Guatemala Northern .......... 317,903 291,135 1,469,478 674,221 
1912 

Occidentale =e 161,316 96,797 178,382 94,506 
1912 

SOC) Se esto re 133,818 48,995 149,972 62,058 

PP Ota ONS Peo cache eee ee $2,604,809 $1,219,430 


This, it will be noted, gives the very low operating ratio 
of 46.8% for 1913. The totals for 1914 will probably be lower, 
owing to the effect of the war in decreasing the value of the 
coffee crop, the main source of revenue of the country. The 
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value of the above lines, with equipment, is carried on the 
books at $46,592,400. The Pan-American Extension to the 
Mexican border was completed at the end of February, 1914. 

Traffic statistics for the Guatemala Northern and Guate- 
mala Central for 1913 are as follows: 


Northern Central 


Number of passengers... 184,437 540,747 
Passenger miles per mile... 30,036 80,248 
Revenue per pass. mile cts. oldest eae 2.2 2.9 
Beeorrereiett een oe 171,281 184,587 
com maules per milo... cl 70,313 54,723 
Revenue per ton mile cts. Olde eee 7.56 5.91 


The maximum tariff rates of the Guatemala Northern are 
as follows: 


Passengers Ist clase <_.............-.csesceseseeene 6 cts. gold per mile 
ce 2nd SATO Lee Oe ee aa 4 ce ce ce ce 
Birersnt, tow’ (25000 Ib. 2.00 doi cece OR ISTE CC 


New Developments.—The completion of the so-called Pan- 
American Extension, permits through rail connection between 
the railways of Guatemala and the United States through 
Mexico, except for the break of gauge. A concession has been 
granted to the Guatemala Northern for a line from Zacapa to 
Salvador, which it is proposed to extend eventually, via the 
City of San Salvador, to La Union at its southern boundary on 
the Gulf of Fonseca. The southern end of this line has been 
built for about 70 miles from La Union northerly to Usulutan, 
and construction is being continued. Surveys have been made 
of the northern part from Zacapa in Guatemala, to Santa Ana 
in Salvador. 

This theoretically links up the railway systems of Salvador 
and Guatemala with Mexico, the United States and Canada, but 
so far as this may be considered a through route, the idea is not 
to be considered practical at present; the natural outlet for 
both of the countries when these lines are completed being via 
Puerto Barrios on the Atlantic coast of Guatemala. 


Salvador. at. igh 
There are three lines in operation in Salvador having a 


total length of about 260 km., all 3’ 0’ gauge. 
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The Salvador Railway, operated by British interests, runs 
from Salvador City to the Port of Acajutla (105 km.), with a 
branch from Sitio del Nifio to Santa Ana (38 km.). It has 
grades of 3.8%, and curves of 20 degrees. Construction was 
started in 1880, and about twenty miles were built up from the 
coast by 1890. The line was finally completed to Santa Ana in 
1896 and to San Salvador City, the capital, soon after. 

The Salvador Railway is capitalized at $7,000,000. The 
gross revenue for the five years, 1904-5 to 1909-10, varied from 
about $450,000 to $530,000 per annum, and the operating ratio 
from 50% to 55%. The above does not include a subsidy of 
about $115,000 per annum, payable by the Government up to 
the year 1917. The gross revenue for 1913 amounted to $782,000 
(probably including the subsidy). About 75% of the revenue 
is from freight, the largest single item of which is coffee. The 
company operates a line of steamers from Acajutla to Salina 
Cruz the Pacific terminus of the Tehuantepec Railway. 

Rolling Stock— 12 Locomotives 


23 Passenger Cars 
172. Freight Cars 


The maximum tariffs allowed by the concession are: 


IPASsen Or St nClags eae eens 4 ets. gold per mile 
oe 2nd 6:0 hgh Pe SA, ee 9 ce ce ce ce 

iret ohpe ton ((2.00,0ll =) eee IGS ES er aaa 

COT CO:5 sacs cs Oe, ec Hee ae Fie Cw cic 


The Santa Tecla Railroad (under local control) has had 
gross earnings, varying from $75,000 silver in 1897 to about 
$30,000 in 1907, and operates at about 50% (silver 40% in 
1911). Its length is 18 km. Gauge 3’ 0”. 


Rolling Stock— 3 Locomotives 
6 Passenger Cars 
3 Freight Cars 


A concession was granted in May, 1914, for the extension 
of this line to the port of La Libertad, the Government euar- 
anteeing 5% interest and 1% amortization on bonds, issued at 
par to cover the cost of construction and for a total not ex- 
ceeding $1,500,000 gold. There is also a tentative provision 
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for a branch from the lower end of this line to Zacatecoluca. 
When necessary, a part of the customs dues is to be set aside 
to provide for these payments. 

The International Railways of Central America, a United 
States corporation, controls the concession for a line from La 
Union (a good harbor on the Gulf of Fonseca), via Salvador 
City, to the border of Guatemala, where it is to connect with 
the line to Zacapa (see Guatemala). The construction of the 
lower part of this line from La Union to San Miguel was 
started by the Government in 1900, and, after being nearly 
completed, was abandoned. This portion was reconstructed 
and completed in 1911-12, and the line is being extended north- 
erly at the rate of about 20 km. a year. It reached Usulutan 
(km. 105) toward the end of 1913 and work is being continued 
towards the Lempa River. 


Rolling Stock— 6 Locomotives 
8 Passenger Coaches 
38 Freight Cars 


This concession carries a subsidy of $7000 gold per km. 
payable (on the completion of each 10 km.) in bonds at 90 
with 5% interest and 2% amortization (guaranteed from cus- 
toms). Rates allowed are substantially the same as Salvador 
Railway. The Supreme Court of the United States is named 
as final arbitrator of disputes. 


The investment in this line to Dec. 31, 1913, 


GS EVOTL BS nn enevnnnncnrrnernernnenntecetternnteennnnnanan $1,300,341 

Less sub Vemtionr nee ccvecsecceceeccececertertnnnemennenenetntnenetnte 534,314 

Opa ee ke $ 766,027 
Honduras. 


All the existing lines are on the Atlantic side. 

The National Railway is owned and operated by the Gov- 
ernment. Its length is 90 km., gauge 87-62 lt) TINS from 
Puerto Cortez to Pimienta. The external debt of the Republic 


was incurred for the construction of this line. 
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Earnings 1913— 


GROSS secchecensente Sees es nse a te ere cep cease saeaue cea caane se reeae maereees= 600,000 soles 
Ese oes (01S). Pera cece cec ee: coors eo cece bacesctoc. etaatsecenecceceoocaeceee 450,000 ‘* 
IN © cso a asada asec eee ne 2 Seer 150,000 <* 
Tariffs— ; 
IPASSen COT US tm Clals seen: eeereceeeceseteereneere es 5 ets. silver per km. 
oe ond O45, jose SES oe ee De 3 oe ce ce ce 
ar eT ONE 5) C Tye b O Whe cetee eee ee ne ce ene eee emer toActs.a9 OS ee 


Carload lots half the above. 
Rolling Stock— 
TO: TWxOCOMOtIVES eae see ee eee 21 to 49 tons 
DDR Oh fo ce Perper estes coer oeecereeet ee ccc shes 20 tons capacity 


Tela Railroad. The United Fruit Company has surveys 
for a line from Pimienta, via the valley of the River Ulua, to 
Tela. Construction has been started on this line (Oct., 1914). 
Gauge 3’ 6”. 


Rolling Stock— 7 Locomotives 
112 Flat Cars, 30 tons 


The Ferrocarril Vaccaro is a line built and operated by a 
fruit company inland from La Ceiba. In 1912-13, there were 
114 km. of main line and branches, of which 23 km. had been 
built during the past year. Gauge 3’ 6”. 


Rolling Stock— 7 Locomotives 
6 Passenger Coaches 
205 Freight Cars 


The Cuyamel Fruit Company has 57 km. of 4’ 814” gauge 
built (1911-14) and 40 km. 30” gauge tramways, all for de- 
velopment of its plantations near Puerto Cortez. 


Rolling Stock— 6 Locomotives, 8 to 36 tons 
110 Freight Cars, 25 tons 


There are also the following: 

Colorado Railroad (United Fruit Company) 27 km. from 
La Ceiba. 

Honduras Rubber Company, 5 km., at Nueva Armenia. 

Tropical Timber Company, 8 km., to build ten more. 


RAILWAYS OF NORTH AND SOUTH AMERICA 75 


Pan-American Line. The International Railways of Cen- 
tral America has a concession for this line, to run from a con- 
nection with that company’s lines in Salvador along the Pa- 
cific Coast to the border of Nicaragua, and for a line from the 
Pacific Coast to Tegucigalpa, the capital. Surveys of this line 
are being made. 

Trujillo Railroad is 37 km. in length, under construction, 
track laid; 4’ 812” gauge, 4 locomotives, 50 cars, not opened 
for traffic Sept., 1914. 

British Honduras. 

The Stann Creek Railway has 40 km. of line, owned and 
operated by the Government (Crown Agents for the Colonies 
—Great Britain), 3’ 0” gauge. 

Rolling Stock— 4 Locomotives 
48 Freight Cars 


Nicaragua. 

The principal railway is the Ferrocarril del Pacifico de 
Nicaragua. It is 278 km. in length, 3’ 6” gauge. It runs from 
the harbor of Corinto on the Pacific Coast to Managua, the 
capital, and to Granada on Lake Nicaragua. Most of it was 
built prior to 1900. 

It was owned and operated by the Government up to the 
end of June, 1913, when 51% of the stock was bought by New 
York bankers, who are now directing the operation. The fol- 
lowing statistics, for the year ending June 30, 1914, are approxi- 
mate only: 


GOSS KCAL ING Sacre sneer enc serte ee seerree scar eae eras $561,458 
I Db-g 62) 021): ee eee ence 307,737 
Soh: eee eerie seb icina tees 253,722 
PASSCDQ CYS -..-.------c-c--c-ceee-eeceeeceeeeneereeneeccectees 812,500 
Passengers km. per km, line..............------ 101,900 
Revenue per pass. km, -....-.--.--------------------+ 0.6 cts. 
Freight tons -.....-------:-:-:------cece etter 98,600 
Ton km. per km, line.....--.--------------------------+ 83,500 
1.6 cts. 


Revenue per ton km, .......--------------------s------ 


Costa Rica. 
The Northern Railway Company of Costa Rica operates all 


the lines, part of which (about 340 km.) are leased from the 
Costa Rica Railway Company, a British corporation, and about 
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100 km. from the Government. Railway construction was 
started in 1871, and the Costa Rica Railway was built from 
Puerto Limon to the capital, San José. Recent developments 
have been largely in connection with the cultivation of bananas 
near Port Limon by the United Fruit Company, with which 
interests the Northern Railway Company is identified. The 
railway systems now form a continuous line of communication 
between Puerto Limon on the Atlantic, by two routes to San 
José and thence to Punta Arenas on the Pacific. The gauge is 
3’ 6’’. The operating results for 1910 were as follows: (official) 


Miles Operate dt oi stcc oe eceeeceacsendsts. eatinee eo eee eee emer e re 357 
Gross earnings, gold.............. $2,396,307 = $6,712 per mile, gold 
Operating expenses, gold........ A Opie SO SRT Nee ‘¢ 
Net earnings, gold.................. C8245 Ol oe ie 
Operatine Tatlow ses 71.5% 
‘Doristone} mull @iesecsee ee 14,406,174 
Rates per mile— 
Re PCO UME OLIN ChiMto a T1c1 112s een eee $ .00446 
Per tom pt rel gy bit sires ase eae te ace oe ra eee Pete $ .138293 
Per: passenger eines, ate es renee ee eee $ .03260 
Panama. 
Statistics Panama Railroad, Year Ending June 30, 1913, from Annual Report. 
Items— 1912 1913 
Average length operated km. -.0.....-c-cecccccceee-ee 82 100 
Gross operating revenue -........-.---c0--ceceecceeceeeeeeeoe $4,541,488.90 $4,599 163.13 
Operating sexpensesie. == eae 2,655,121.51 2,770,310.45 
INetmoperating me veliic messes amass =a 1,886,367.39 1,828 852.68 
Percent expenses to revenue ......-..----c-cceceoee-ee-e 58.46 60.24 
Gross revenue. per mile 28 7 ee 89,416.99 74,203.99 
Operating expenses per mile .0....-cece-ccececeeeeeee 52,276.46 44,696.84 
Net revenue’ por mile... /stsc. ee ee eee 37,140.53 29,507.15 
Tons per loaded ear ................... Sate ee 22.26 23.63 
onsepertrain..,.....1. 0 0c.) eee 295.23 353.21 
Tone of eompany freight ccs 54,157 77,637 
Tons of revenue and company freight carried 
OBO GOULG 50-5 1:4n50<<saninca oe 73,435,639 83,085,155 
Average mile each ton revenue freight was 
CC) 2 ere! oe 39.41 41.37 
Revenue per ton per mile oo... occccccccccccscocceseeeese 3.99 3.48 
Tons of revenue freight carried one mile per 
OR OL. TORK. ..-ccuncaniocs se 1,409,679 1,301,088 
mesenmens CATTiOd ..............1. ee 2,757,671 2,916,657 


oe 6c 


eee ee 32,073,043 34,845,129 
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Items— 1912 1913 
Average distance each passenger carried......... 11.63 11.95 
Revenue per passenger per mile... 2.30 2.37 
Passengers 1 mile per mile of road.................. 631,483 562,199 


Rolling stock—1913 
61 Locomotives 
57 Passenger Cars 
1,039 Freight Cars 


Note: The majority of the stock of the Panama Railway Company 
is now owned by the Government of the United States, control having 
been bought, incidental to the construction of the Panama Canal. The 
above figures apply only to the railroad, and do not cover revenue, etc., 
from the steamship lines, etc., which the railroad company operates. The 
indications are that the statistics for the year ending June 30, 1914, will 
show little change from those for 1913 quoted above. 


It had been proposed to use some of the money received 
from the United States on account of the construction of the 
canal to build a narrow gauge line from Panama (Empire sta- 
tion on the Panama Railroad) to David, more or less along the 
line proposed for the Pan-American Railroad. This scheme, 
however, was abandoned in favor of building several short 
lines, aggregating in all about 200 miles, inland from the Pacific 
Coast. Construction was started during 1914 on the Chiriqui 
line. 


WEST INDIES. 


Cuba. 
Railway construction in Cuba received a decided impetus 


during and subsequent to the period of intervention by the 
United States (1899-1902), as is shown by the following table 
giving the lengths of line in operation. 


| TSG pele See ERE 1,787 km. 
TOO Tiere, aes ee ee 1,788 *! 
HOGS ee es 2,333 <¢ 
(Ci) pans ai ee Bai 2,986 << 
AGOOLUD. PIER Nee 3,197 << 
TOTS we Bee eh e aes 3,798 << 


The above gives the length of main line and branches, and 
‘in addition, there are numerous sidings and private branches 
into the sugar estates, which in 1909 amounted to an additional 
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500 km. None of the figures given include the industrial tracks 
and private lines of the sugar estates. 

The standard gauge is 4’ 814”. The following table shows 
the distribution of the lines of different gauge in 1913. 

5’ (ihe 4’ 814” 3’ ye OF 6” mre 314” 
VRGIM  seeecccecte 73 3,410 118 1 aE 86 

The ownership is largely British, as is indicated by the 
following partial tabulation (1913). No lines are owned or 
operated by the Government. 


British 22-2. eee eee 1,955 km. 
United Statest === Hh OS2iae 
Cuban e223 ees S40 


This, it will be noted, leaves about 400 km. unaccounted 
for. There are twenty-one different lines shown in the tabula- 
tion for the year ending June 30, 1913. Some data of the 
standard gauge lines over 100 km. in length for that year are 
noted below. 


Length Cost Gross Expenses 
Kon. Income 
Wnited “of Havana. 1,138 $49,103,837 $7,905,636 $4,301,461 
Cuba) Railroad {Co: pss 950 37,257,132 4,632,040 2,399,584 
Cab ane @ entra lcaese=eeeeeee 565 18,880,024 2,995,374 1,707,111 
NVieSterim Omblaivatia; eee eee 238 8,470,010 1,363,135 804,100 
Guantanamo and Western........ 130 6,482,419 440,774 383,140 
iMavanay Centra ls sess eee 110 16,419,605? 856,011 535,492 


Amounts given are gold values. 


The United of Havana was formed by the consolidation of 
three lines in 1907 and the construction of about 100 km. of 
new line since then. The Cuba Railroad is mostly a new line 
built by American and Canadian interests, through the center 
of the island, from Havana to Santiago. The Cuban Central 
was formed by the consolidation of three lines in 1901, and 
some extensions made during the last three or four years. 

A railroad law and regulations, based largely on United 
States practice and law, was put into effect during the occupa- 
tion by the United States in 1902. 

“These three lines have been purchased by the owners of the United 


;Railways of Havana, but they still continue (and will continue indef- 
initely) to be operated under the old company organization. 
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A law was passed in 1908 requiring the equipment of all 
rolling stock with automatic couplers (M.C.B. type) and air 
brakes. All the new lines and new rolling stock were already 
so equipped, and in 1909, only a small proportion of freight. 
cars remained unchanged, all of which were to be equipped in 
eight years from that date. 

The averages given below are for all the lines, though 
some of the shorter ones carry no passengers and some, no 
freight. They, however, are so small as not to materially affect 
the general results. 


1904 1913 

AMGEN L SHOES OUISS cas heap Sano tee Nace nerre $7,798,376 $20,354,171 
PO PAOD ONBSCS ower seuss tise e 22 A 4,724,625 11,519,673 
O Mera iN MA Omens cas meer acca a stat 60.6% 56.6% 
ISIE TGCS) os cee ee 3,074,251 8,834,498 
A ASTRDS OTE NITES os See ee eee re eee en 2,333 3,798 
INetireventte per km. 222-40... $1,318 $2 326 
Hstimated total cost: 21..14..2:-.-2222. 155,186,712 
‘ie SOARES) tperpkyn.] ste. 40,860 
Average return on investment............ 5.7% 
Bonded indebtedness ............---------------- 82,121,900 
Number of locomotives..........-.-.------------ 274 476 
CCR MASSON ET CATS | 2--te-c----rne- 532 535 
COMMON ON ;CANS conn.ee-otateeececeteee 6,762 13,366 

1904 1909 
Number of passengers 1 km. per km, line... 51,441 69,056 

Average distance per passenger km. ............ 24.8 27.6 

Average receipts per passenger per km. cts. 1.77 2.03 

Freight tons 1 km. per km. of line..........-..- 105,347 102,015 
Average distance per tON........---------------0-- 45.9 39.4 
2.06 2.21 


Average receipts per ton per Natt KGHSS cpopeecere 
Train Loading. The available statistics do not permit com- 
parison of all the lines, but the data for some of the most im- 
portant (about 80% of the mileage) show a general tendency 
towards increased economy in operation by increases in both 


the train and the car loadings. 
Tons of Cargo Ay. Tons of Cargo 


per Train per Loaded Car 
1904 1909 1904 1909 
Western of Havana.....-.----------- 62.8 110.9 6.2 9.1 
TORARHO) “cccecee se ee eee eee 75.0 93.7 7.0 9.8 tw 
(Oininey Cerntien eee perce eee 79.3 78.6 14.8 alls 
Cuba Railway.....-.--------------------- 58.0 86.0 8.4 oles 
15.8 25.0 4.8 6.6 


(Chai ively TERS Sra ae ee eee 
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Jamaica. 
The first railway, 12 miles in length, was built in 1844, and 
in 1885, there were 64 miles in operation. Total length, 1914, 
is 198 miles; 4’ 814” gauge; owned and operated by the Gov- 
ernment. It has grades of 3.3%, and curves of 330 ft. radius. 
Earnings 1910-11 (on 18414 miles). 
GOs FAD OUR cca teeta se one cece eons $785,500 (American gold) 


expenses a bOUb pee esereenessceeeeeceee=e $505,190 ac 
Total cost (18414 miles) about....612,500,000 gold 


Short branch extensions are being built from time to time. 


Porto Rico. 

The principal railroad is a meter gauge line, which runs 
from Carolina (branch to San Juan) along the north, west and 
south coasts, around the island to Ponce. It was built under 
a concession granted by the Spanish Government in 1886, and 
is now operated by the American Railroad Company of Porto 
Rico, a North American corporation. The length of the main 
line is 203 km., and there are numerous branches. There are 
also a number of other lines, as shown by the following table, 
showing all lines, all meter gauge (1914). 


American Railroad Company, main line and branches.... 330 km. 


Haj ardo: Developmen em Co mip aiiy eee ee ee ee eee nee eee 40 
Nega “Alta, “Railroad eect oe eee eee ee ee ee Lali 
EVumaea © Raila oa Clee tots eens ee cee oe ee Lp yee 
Bianchi Railroads +22 ie os eee Bere aL 
Caguas) Tramway, «Oompa yee eee nee PAS 
Bayamon. Railroad «(Western )...c.c.sesereets ete ree Dae 
ADTs ee 
Locomotives Passenger Freight 
Cars Cars 
American... B., Contes 51 52 1,300 
FR. Lt. & Power Conese 2 35 10 
6 be 66 6.6, Rg ee ee 16 6 200 
western Railway ....: caeeme ieee 3 7 25 
72 100 1535 


Hayti. 
The Central Railroad of Hayti, in addition to the wharf 
and electric light plant at Port au Prince, operates the lines 
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of the Compagnie des Chemins de Fer de la Plaine du Cul de 
Sac, having a total length of 103 km., 30” gauge, in and around 
the city of Port au Prince. This includes the tramways of that 
city, operated by steam locomotives. The lines were built be- 
tween 1901 and 1910. 


Rolling stock—18 Locomotives, 8 to 38 tons 
31 Passenger Cars 
60 Freight Cars 


Earnings 1906 to 1910 from $30,000 to $50,000 per annum. 


HO ue ree En) Tee erly 82,376 
UO SAM nes hee Poe ese 126,340 
DONE RE i cca sar AS 75,355 


Operating expenses are usually more than receipts. The 
government, by the terms of the concession, guarantees operat- 
ing expenses and a subsidy of $41,280 per annum. The latter 
has been paid, but the deficit in operating expenses has not. 

The National Railway of Hayti, operating under a conces- 
sion granted in 1910 for building 640 km. of main line and 
branches between Port au Prince and Cape Hatien, gauge 3’ 6”, 
has built about 280 km., of which, 108 were placed in opera- 
tion in 1913, but suspended early in 1914, owing to a disagree- 
ment with the Government. The Government guarantees 6% 
interest on bonds issued for construction purposes, to the ex- 
tent of $20,000 per km. Bonds to the amount of $3,500,000 
were issued, of which $2,500,000 were sold in Paris, the rest 
remaining in the hands of the North American bankers, who 
undertook the construction. The Government refused pay- 
ment of the last installment of interest, and the payment, fall- 
ing due August 1, 1914, was defaulted. 

Numerous changes in the Government prevent active de- 
velopment of an otherwise rich region which should, and, with 
favorable conditions, would furnish ample revenue to both 
these roads and further extensions. 

Santo Domingo. 
Dominican Central .......- 97 km. 2’ 6” gauge (Owned and operated by Govt.) 


Macoris Railway .....----- ile ICL Ae SC " 
Samana-Santiago Ry. .129 ‘¢ 3’ 6” * (British ) 
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Project for line from Brahoma to Neybo and to frontier of 
Hayti, construction on which was reported to have been started 
early in 1914. 


Samana-Santiago Ry. to Dec. 31, 1912 


Gross TECeLpts ere. eee $377,500 
FIR PONSCS) coco. ee scar nee eee 146,957 
Net) 2.225) eee $230,543 


Barbados. 

Forty-two km., 2’ 6’” gauge, built in 1882; reconstructed 
since then. Total cost about $1,175,000. Gross receipts $45,000, 
which includes a subsidy of $10,000. Working expenses 
$40,000. 

Trinidad. 

The railways are controlled by the Government; their 
length is 191 km., of 4 814” gauge. 

Gross receipts, 1911-12, were about $6500 per mile, with 
operating expenses about 62%. 


SOUTH AMERICA. 


Dutch Guiana (Surinam). 
The only line is operated by the Government. It is 173: 
km. long, and of meter gauge. 


Rolling stock—10 Locomotives 
19 Carriages 
48 Wagons 


British Guiana. 


There are three railways controlled by British interests,. 
as follows: 


Georgetown to Rosignol................cececece-0-- 97 km. 4’ 814” gauge 
Vreed-on-hoop to Greenwich Park........ 24 & 37 6” oe 
Wismar to’ Rockstones.....s eee 29 “* meter oe 


Rolling stock on first two lines— 
14 Locomotives 


42 Passengers Cars 
269 Freight Cars 


The gross receipts of the first two lines (75 miles) are 
about $3000 per mile, with operating expenses about $2500. 
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Venezuela. 


The following information is condensed from a report pre- 
pared by the Ministry of Public Works, especially for this 
paper, and is, therefore, official. 

The development of the railways of Venezuela has been 
practically at a standstill during the past 20 years. Most of 
the existing lines were built between the years 1881 and 1893, 
under government guarantees of 7% interest, with litle super- 
vision over the expenditures, and practically no limits to the 
capital accounts. At the end of this period, there was the 
natural reaction against the somewhat loose methods, which 
had developed, and very stringent laws were enacted, which 
practically caused the suspension of all new work. 

In 1912, however, a new law was passed with the object 
of encouraging new construction, under fairly reasonable pro- 
visions for the protection of both the government and the 
investor. A general scheme of development was worked out, 
and it is hoped that as soon as general financial conditions im- 
prove, some work will be started along these predetermined 
lines. 

The new law permits the government to grant cash sub- 
sidies, but in no event to guarantee interest. It is also the 
policy to make grants of land and to encourage colonization. 
Cash deposits, as guarantees of good faith, are required from 
concessionaires and with all applications for concessions. Ma- 
terials of construction may be imported free of duties. 

It is of interest to note the difference in the attitude to- 
wards guarantees between Venezuela and Canada. In the 
latter, confidence in the immediate development, and in the 
future, due to the long existence of a stable form of govern- 
ment and a fair assurance of continuous immigration, makes 
guarantees attractive to people whose present resources of 
ready money capital are limited, in comparison with the great 
needs of a rapidly growing country. In Venezuela, under the 
guarantee system, the country was almost forced into bank- 
ruptey, by reason of the fact that the developments were far 
less than the expectations. 

Venezuela seems to have definitely committed itself to the 


narrow gauge system. Many of the existing lines have fre- 
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quent gradients of between 3% and 4%, and curves of from 
40 m. to 50 m. radius. The new regulations, however, provide 
that on the lines of normal gauge (3’ 6”) the maximum gradi- 
ents shall not exceed 3.0%, and that the minimum radius of 
curves shall be 60 m. For the secondary lines of 2.0 ft. gauge, 
gradients of 3.5% and curves of not less than 30 m. radius are 
permitted. 
The total length of lines in 1913 was as follows: 


Gauge Operated Under Total 
Meters Ft. In. Construction 
0.61 0) 181.65 54.95 236.60 km. 
0.92 8 @ 254.78 3.67 258.45 ‘¢ 
1.00 3 3% 174.50 5.50 180.00 ‘*é 
1.07 3 1G 336.16 23.00 Soo on 
947.09 87.12 034.21) 1<6 


The above includes railways of all kinds and certain lines: 
operated as electric tramways and some small mining lines. 
The following statistics apply only to the regularly operated 
steam railroads, of which there are 869 km., and are for the 
year 1913. 


Bolivars 
Total capital. : 220 ses eee eee 196,748,125 
Number of passengers.........--.------------ 642,404 
Receipts from passengers..............----+ 2,457,562 
ONS MOT eh Tel Olt seceeeeee eee eee 283,000 
Receipts from freight f2.cccsccsscs 10,808,697 
Oval, TCOlp ts... ee eee 13,266,259 
Hotalvexpenditures: 1. eee 7,069,344 
BEAT OWL G reeset cacacstosch sues ease 6,196,915 
IEGANLIL OD c8-5.-.<ceosesenck os.cucd ee 53.3% 
etunnsOn Capi tale..ee- eee 3.15%. 
(The Bolivar is worth $0.193.) 
Rolling Stock— 
WHOCOMOtIVES «202. -cecncecc.-e 91 Average Weight 31.9 Tons 
Passenger Coaches.......... 126 oe Os Some 


Preight Cars...........2..0..... 848 Ub af bya YC 
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Ownership. 

Km. Bolivars 
Venezuelan government .............. 109.78 9,261,625 
ae DILV ALC emcees oe 195.86 15,000,000 
TSYiSUUISVA. <a tae reece cea ak pie pel ae 335.59 89,486,500 
Gormomeesset ore ls tat oie 178.90 79,000,060 
ner clige. meade ed be ee te 54.40 4,000,000 
874.53 196,748,125 

Rates (Bolivars). 
Passenger—lst class per km. —....020.0..2.--.2.- 0.19 to 0.34 
ee TIM Se Saou SER eda Be, Malena 0.10 to 0.22 
rere hh ete stOWea er, RI. | -t.2.s. se cee ee 0.50 to 1.50 
Colombia. 


85. 


The Magdalena River is the main transportation route be- 
tween the coast and the interior. Bogota, the capital, is nearly 
500 miles inland from the Carribean Sea, and at an elevation 
of 8500 feet; the railways thus far built are generally supple- 
mentary to the main fluvial routes. 

The following table shows the length of line to have been 
doubled between 1898 and 1913, but the larger part of this in- 
crease was in the first few years of this period. 


Statistics Colombian Railways, 1913. 


Controlling Length Km. 


Gross 


Name of Railroad— Interest 1898 1913 
Gold 
PS TNSIROYO OEE), | cos Slee epee ere eee Department 59 169 $517,696 
PSANAM EE, opccotcn Pep eae eee Local 30 97,971 
Barranquilla (Bolivar) .......-- British 28 28 310,046 
Cartagena (Colombia Ry. & 

ING COs) ieee British 105 105 215,407 
(OREO, nd Lae ee Government 55 oo) 2A 0S 
La Dorada (Honda)............----- British 33 115 445,220 
Cirardot (Colombia Nat.)....... British 39 81382 500,174 
Buenaventura (Pacifico) -...-.--- North America 36 187 24,704 
Puerto Wilches (N. Cent.).-...- British 20 
ENTOn beeen eee osteo suse 48 62 261,329 
La Sabana (Facatativa) -....---- Government 40 40 283,500 
Sin inich JWI We ueh cose ee ane eee ene British 39 98 509,717 
iGYEIk (Shin? 2, ee Government 10 33 74,899 
TOT 16 16 12,722 
ANGUINIETG cocina eee ee ee 7 7 


AMOUEY |, aterencencec: 515 1,065 


Revenue Gauge: 


3’ 0” 


3° 6” 


3’ 0” 
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Colombia is very rich in natural resources both agricul- 
tural and mineral (including coal and oil), but the develop- 
ment of railway transportation has been slow because of the 
difficulty of the terrain, the trying climate in many parts of 
the lower altitudes, and the general political unrest of the last 
fifteen years. The effect of this latter is shown by the follow- 
ing table, showing the increase in the rate of exchange, especi- 
ally during the first decade of the present century. 


Approximate Average Value of $100.00 Gold. 


SiO eeeornee os soae 105 

ISS One 110 

1890 Reese 192 

8 98 ere eee 276 

1900.33 een ee 610 

9 OW ea eeeeeteree 1,670 

90 22. aeeeee ae 4,310 (approx.) 

10082 epee 10,240 ‘* Y Highest 16,500 
101 5 ete) ees 10,000 6:6. 


The Cartagena-Magdalena Railroad was built in 1892-4 by 
a North American company, and afterwards sold to British in- 
terests, but Colombians have now a considerable interest in the 
property. It runs from Calamar on the Magdalena River to the 
protected deep water harbor at Cartagena. The Puerto Wilches 
project was an ambitious one, being intended not only to tap 
the rich coffee district of which Bucaramanga is the center, but 
also to provide a through route to Bogota. It was recently 
stated that the project had been abandoned after building a 
short length (20 km.) through very difficult country. The 
Cucuta Line, on the border of Venezuela, provides an outlet 
from a coffee producing district to a river and thence to the 
Gulf of Maracaibo. The Dorado and Girardot lines connect 
Bogota with the navigable waters of the Magdalena River. 
The Antioquia Railroad is to connect Medellin with Puerto 
Barrios on the river. It is being built from both ends. The gap 
remaining involves a long tunnel or heavy work on a developed 
line. Considerable German capital has been invested in this 
line. The Santa Marta line has been developed by the banana 
industry. The Barranquilla line runs from the city of that 
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name to the port of Sabanilla, an open roadstead with a pier. 
All the lines built have been subsidized. 

There are many projects for new lines, nearly all of which 
carry subsidies, but there has been little activity in recent 
years, owing to the unstable financial conditions. The prin- 
cipal projects under consideration are: 


Medellin to the Gulf of Darien. Subsidy $25,000 per mile and lands. 
Rio Hacha to Barrancas 100 km. 1 m. gauge. Land subsidy. 
Extension to Pacific line from Cali to Popayan 64 km. 

Puerto Wilches. 

Barranquilla Interurban Tramway. 


Ecuador. 

The Guayaquil & Quito (F. C. del Sur) runs from Guaya-. 
quil on the coast to Quito, the capital. Its gauge is 3’ 6”, 
and length 464 km. This line was started in the early 70’s, and 
built to Chimbo. Its construction was again taken up in 1898, 
and the line completed to Quito in 1908. It has curves of 30 
degrees (radius 193 ft.), with grades equivalent to 5.57% on 
tangents, operated by adhesion. This line is operated by an 
American company, but the Government has representatives 
on the Board of Directors. 

A Government report for 1914 shows the following results. 
of the operation of this line for the last two years. 


1912 1913 
J ROOST GUE, cea aor eneerceret 2,401,792 2,017,106 
Expenditures .....-..-------- 2,292,303 2,364,110 
IS\GHP acacconeee reer +109,489 — 347,004 


(Above figures sucres. Sucre = $0.487 gold.) 


A line, 300 km. in length from Ambato to Curaray at the 
headwaters of the Amazon, has been projected by the Govern- 
ment, and construction was started under the direction of 
North American engineers in November, 1912, but shortly after- 
wards was stopped and has not been resumed. Preliminary 
surveys have been made for 125 km. Grades 244%. Gauge 
3’ 6”. About 10 km. of track have been laid. 

A concession has been granted to a French company for a 
line in the northern province. 
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Peru. 

The principal railways of Peru were built by the Govern- 
ment, and were taken over in 1890 by the Peruvian Corpora- 
tion (British), as part of an arrangement for the cancellation 
of the external debt, which had been incurred largely for the 
construction of these lines. The original contract to turn over 
the railways to the foreign bondholders was made in 1879, at 
which time the debt was about $200,000,000 gold, but at the 
time they were taken over by the Peruvian Corporation, it had, 
by reason of accumulated defaulted interest, increased to some- 
thing over $250,000,000. 

The contract, as finally modified, provided that in exchange 
for the entire cancellation of the foreign debt, the bondholders 
should receive 


The lease of the railroads until 1973 (originally 66 years from 
1879), 

2,000,000 tons of guano (originally 3,000,000), 

30 yearly payments of $400,000 per annum from 1893 (origin- 
ally 33 payments of the same amount), 

right of free navigation on Lake Titicaca, 

certain payments from Chile which amounted to about 
$6,000,000. 


The Peruvian Corporation agreed to extend the lines to 
Cuzeo and Huaneayo. 


The following are the lines now operated by the Peruvian 
Corporation: 


Length Date of 
Gauge Km. Construction 


Peruvian Central (Oroya).............-.-- 4’ 8144” 399 1870-1910 
s Southern (Mollendo)............ ss 861 1870-1910 
Bacasmay 0\ 1s cee ee ee “se 94 1876 
PaytasPinray2 eee eee BE 97 1884 
Pisco-lea>.:....c ae eee GU 74 1869 
bima-Ancon .::...5 5 ee eee OG 38 1869 
SPU LLL 2 ws see eee ae 3108 120 1896 
ehimbote. (4. mm: )-e ee BY SS OG 1872 
lo-Moquegua ._..c.eee eet eee eee 4’ 814” 100 1873-1910 


Total... ee 1,840 km. 
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The maximum tariffs allowed on the Central and Southern 
Railways are as follows: 


HBEICIABS PABSENDOT 2 we ec 6 cts. gold per km. 
2nd a4 eg ett Ss 2 A ol 3 ce ee ce ce 
ip C00 2 a a a ee LS Om tee ene 


The operating revenues of the Central and Southern, for 
1913, were: 


Gross Net 
EMPEY ERIE CULL AY 25 acca acy snepsscnen $2,539,045 $938,890 
cs SOOIDNOPD., sree cise 1,783,370 664,833 


The traffic on these same two roads was as follows in 1908: 


Passengers Freight 

: Ist Class 2nd Class Tons 
Callao to Oroya..................-. 475,418 810,848 319,018,813 
Mollendo to Arequipa.......... 184,591 290,304 78,105,109 
Arequipa to Puno................ 9,136 14,645 13,058,867 


The total receipts from all the lines operated by the Peru- 
vian Corporation have been as follows, the yearly increase 
having been fairly uniform (gold). 


Gross Revenue Expenses Net 
EIU Geil sll Soa eae $1,615,240 $1,165,658 $ 449,582 
YUL) as = ee 4,290,830 3,150,177 1,140,653 


The Peruvian Central (Oroya) Railway, from Callao and 
Lima over the Andes (elevation 15,583 ft.), was built to Chicla 
in 1877, completed to Oroya in 1892, and has been extended to 
Huancayo since 1908. Anticona on a branch is at an elevation 
of 15,865 ft. The Peruvian Southern from Mollendo to Lake 
Titicaca, with a branch to Cuzco, reaches 14,665 ft. These lines 
have 4% grades and curves of 100 m. radius, 4’ 874” gauge, 
and are constructed in a very substantial manner. From Puno 
on Lake Titicaca, there is steamer connection to Guaqui in 
Bolivia, operated by the Peruvian Corporation, which also op- 
erates the railway line from Guaqui to Alto de La Paz. The 
extension to Cuzco was completed only a few years ago. 


90 RAILWAYS OF NORTH AND SOUTH AMERICA 


The Ilo-Moquegua line was built in 1873, destroyed during 
the Chilean war, and rebuilt by the Government about 1908. 
An arrangement was recently made for its operation by the 
Peruvian Corporation. 

The face value of the bonds, issued to cover the cost of 
building the lines turned over to the Peruvian Corporation in 
1890, was approximately $215,000,000, gold, or over $140,000 
per km. It has been estimated that the Oroya Railroad actually 
cost $200,000 per mile ($133,000 per km.) to build. 

A message of the President to the Peruvian Congress in 
September, 1913, stated that the total receipts by the Peruvian 
Corporation from 1890 up to the end of 1912 had been as 
follows (taking £1 = $5): 


Contraetiy it hs © nil cee seen $ 5,954,740 
GUano PLOCCEd Sie sseece cee eee 14 305,480 
Proceeds of Rys. and steamers.............- 21,607,950 
ATMA pay CMGS) esseacereseseenteeeace sence eeeeee 2,233,330 

$44,101,500 


This is less than 1% per annum on the face value of the 
bonds, but the original $200,000,000 were valued in 1879 at 
approximately only 40% of their face value, and by the end 
of 1889, at the time of the contract with the Peruvian Corpora- 
tion, at only $15,000,000, which is probably approximately the 
relative value at which a large proportion of them were ob- 
tained. The annual payments are now secured by the customs 
receipts of Callao and are regularly met. 

By 1910 a new foreign debt had been contracted as follows: 


Peruvians ©orporapion yess ernest $10,800,000 

Wiharyesrandidoc ks ie: ere seee eens 400,000 

Tioamwort a9 05) scsececeeeceoeeeeenee meee smnee serra 2,500,000 

ff S87 1006 So cee: See ee ee nee 2,000,000 
$15,700,000. 


Recent loans have been placed at approximately 6%. The 
annual revenue of the Government is from fifteen to seventeen 
million dollars gold. 
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There are a number of other roads aggregating 1074 km. 
as shown by the following table: 


Gauge, 4’ 814” Length Date of Controlling 
(Km.) Oonstruction Interest 
Oroya a Cerro de Pasco ................ 132 1904 North American 
 meonG ollarigquiscas 2. <.20.2:5 43 1905 a 6A 
Eten a Ferrenofe y Chiclayo............ 82 1871 Local 
Wine Pec hae RS. ..2.-.-...e-ccc nos 138 1858-1907 Gt 
Peruvian Northwestern 
(Ancon-Huacho-Sayan)  .......... 211 1906-1912 British 
606 
Gauge, 1 Meter 
Bayovar a Reventazon.......:............. 48 1904 British 
SII OSA ISEPO. INICO) Ei ee 6 1899 Loeal 
Rio Pativilea a Paramonge.............. 7 1903 ee 
Plaiyan Cipedean SALW See. --2cec-2 cece 10 1876 ee 
@hiaimcanyaecimity Vive coer ae heeee oes 25 1877 WK 
Tambo Mora a Chincha Alta............ 12 1898 ot 
Ensenada a Pampa Blanea.........-.-.-.. 20 1906 ug 
Santa Barbara a El Vigia................ 60 SSeS ‘a 
188 
Gauge, 3 ft. 
iPimveniva lian Chievo: gee. eae ..eesek: 24 1873 Local 
HuanchacorasDres Palos.-..--.-c-.----2-: 67 1898 Italian 
(GJiniCe nines, Gi Ten ray sey ee eee eee 45 1898 Local 
Cerra: Avani! ay (Ch Gites eres 12 1870 British 
148 


Gauge, 2’ 6” 
rman ay ataea OS c.c2<ee---22---co-se---eu ital 1889 Local 


Gauge, 2’ 0” 


esterase cme O.ciyyrel ltl eeeeeceeres 222 22s 20 2ane- 36 1904 Loeal 
Supe Barranca a Pativilea............---- 81 19038 mA 
Casapalea a—-ET Carmen.........--..------- 4 1901 td 
132 
Di Gey lane ote  ae dt, Se Snes 1074 km. 


The Cerro de Pasco Railway runs from Oroya to the famous 
Cerro de Pasco mines, and is owned and operated by the mining 
company of the same name, a North American corporation, 
which also operates the line to Gollarisquisca. 
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The Peruvian Northwestern is a group of lines to the north 
and west of Ancon, from which latter place they are connected 
with Lima by the Lima and Ancon Railway, operated by the 
Peruvian Corporation. They have been built mostly within 
the past few years. 

The Lima Electric Railway consists of a group of lines be- 
tween Lima, and its port Callao, Magdalena, Chorrillos and 
other points. Some of them have been converted from opera- 
tion by steam, and the lines are partly on the old private rights 
of way, and others through the streets or highways. 

The other lines are mostly short lines from some inland 
center of production to the coast, and a few of them should 
probably be more properly classed as industrial and mining. 
The general increase in total length of lines in operation is 
shown by the following: 


The total length of the lines now in operation as of 


December SIU OUS wists sess ee cee seeeenenee eens ee 2914 km. 
In 1908 (as given in the History of Peruvian 

Railways—Ministerio de Fomento)................---- Peay ES 
1898 Report of Intercontinental Ry. Commission........ 1472 ¢¢ 


The total cost of 2133 km., in 1908, was stated to be 
£31,081,616 or equal to about $75,000 per km. 

The following shows the general increase in the traffic of 
the railroads (all lines) : 


1888-1897 1898-1907 
Passene ors 2.10. eee ee 22,155,802 59,700,588 
revo tat ONS eee ee ene 4,153,910,152 7,683,182,281 


There are several projects for extensions down the east- 
ern slope of the Andes to the headwaters of the Amazon. From 
Cuzco, an extension is being built to Santa Ana, and surveys 
have been made from Ureos on the Cuzco line towards the 
Madre de Dios and the Beni Rivers. From the Cerro de Pasco 
Railway to the Ucayli, this latter the so-called McCune Con- 
cession, which, it is stated, carries a subsidy of about two mil- 
hon dollars, and a new trans-Andean line from Payta on the 
Pacific to the Marafion River, which it is said will cross the 
Andes at an elevation of less than 7000 feet. In the message 
of the President to Congress in 19138, the following list of new 
projects was stated by him to be under consideration. The 
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estimated cost is given in Peruvian pounds, roughly equal to 
$5.00 gold. 


Projected Railways Cost 
ac ev OMe WO ear ANON. <s28e2-, 22. .8.0s..sencecslceaseseecececedeus £P 4,548,000 
RaW esa COMUNG = WiCAY Le peo eco eccc diese sce ates Peo onsets 2,000,000 
I ramie bat Ombhe SC OASt.c.ctetccsh freee sct awe a ee a ca 475,000 
Whilotomeo me Via Odo Ona... se sccancce get coe cco o oe oS acecedky ee 150,000 
HTM O GORE O ECC CUA Yin cesses eee ee se ce eee ee eet ece santo Ze 642,000 
NGI SOILS SG, PEA ee ae mie eR ere RE 81,828 
(CSWAGD, TH, ISN TUE JAG 1 oR eed eee Men per rene 506,000 
Oxoyaato Puerto Wertheman.....-.<.20--2c- fe ceeeecseect 3,388,200 
(BleGhnieEtra chionnOt GAM es io. <s5-ceee ee occ2-=o-dnesenaresa-=e 864,800 
FEET NC AY OULO OA VACUCD Oven c tensa ccs ews -ncaeecoss ses oases esac acon 1,325,000 
HSE AIC MmUO VE UaTCAVCl Caen oe nyu anette eect sistas 202,800 
Tirapata to: the Madre-de Dios....2-..-c-2----s.--2--- 2,500,000 
@yerunytl Cate ta av Wary ae ac scat = ate ate - oe ee ow ee sacs aoe toac scenes 440,000 
SayameronOvon gan dONeCras e.c2se-sae- terest eee oc eee 400,000 
Ela MAS IGLO EP ACRACA YO... con ccek nee acne sn cen se sowesae nae 150,000 

; £P17,673,628 
Bolivia. 


The length of operated lines and lines under construction 
is shown by the following table (1914) : 


In Under 
Operation Construction 
Guagui-Alto, de: ha) (Paz......2--2.sn-.cesecere-cs 90 km. 
Arica-La Paz (Bolivian section) ............ 233 << 


Antofogasta (Chile) & Bolivia Ry. Co.— 
Main line Chilean Border to Oruro.... 484 ‘‘ 


AV APEC HI Mrel tlre Dek sence Saad Beene ceotetcca see accdccauer 30 km, 
Bolivia Railway Co.— 
DWC ABOU O wot fess eit ee ooo war oeteueeeennene PANY GG 
STONED aut st O GOSL ee 2 ae ese-se so ee accectecee=-nnor aes iifaweis 
Ormro-Coeha Watt Way csc-:ccns-ceckct sed bea seere==seeae TOGmec 98 km. 
(Diivaviss 8 S003 0722 epee ee eee ee ere 20s yr 30 
1,379 « Q15 ¢ 


Note.—The two last are under provisional operation only; that is, they 
have not been accepted formally by the Government. 
All these lines are meter gauge except the Antofogasta, 


which is now being changed to meter. 
Previously to 1903, there were only two lines in existence, 
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the Guaqui-La Paz and the Antofogasta to Oruro. The new 
lines have been built as the result of treaty arrangements with 
Brazil and Chile. The latter country, besides undertaking the 
construction of the Arica-La Paz Railway, agreed to pay the 
interest (not over 5%) which Bolivia might guarantee on the 
capital invested in the construction of certain interior lines, 
provided this did not exceed $500,000 in any one year, or $8,- 
000,000 in the aggregate. Brazil paid Bolivia $10,000,000 im 
cash, besides agreeing to build the Madeira & Mamoré Railway. 

Guaqui-Alto de La Paz, 90 km., is operated by the Peruvian 
Corporation; it connects by steamer across Lake Titicaca with 
the line to Arequipa and Mollendo. Its net earnings are about 
$2000 per km. 

Antofogasta (Chile) & Bolivia Railway Company, Ltd., 484 
km. of main line in Bolivia, 2’ 6’ gauge, which is now being 
changed to meter, runs from the Port of Antofogasta in Chile 
to Oruro. This line has very much lghter grades (probahly 
not exceeding 2%) than any of the other lines climbing the 
western slope of the Andes. The earnings of the Antofogasta 
lines are given under the heading of Chilean roads. It may be 
noted, however, that the Government of Bolivia has never been 
required to make any payments on account of its guarantee of 
5% interest on the capital invested in this enterprise, which has 
been a very profitable one. 

This company is a British corporation, and leases and op- 
erates the lines of the Bolivia Railway Company. The latter is 
a North American company, which built the main line from 
Viacha to Oruro in 1908-10. The branches from Rio Mulato, 
Oruro and Uyuni have been built since that time, under the 
direction of the Antofogasta Company, for account of the Bo- 
livia Railway Company. 

The Uyuni-Tupiza line is projected to eventually connect 
with the Argentine Government meter gauge lines at La Quiaea. 
Through communication, without change of ears, will then be 
possible between La Paz and Buenos Aires. (The section from 
Tupiza to La Quiaca, about 80 km. is not included in the econ- 
cession to the Bolivia Railway Company, as the Argentine Gov- 
ernment originally undertook to build this section.) 

It has been stated that the total cost of the Bolivia Rail- 
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way from Viacha to Oruro, 200 km., was only $4,000,000 or 
$20,000 per km. It is to be noted, however, that although this 
line lies at an elevation of 12,000 feet, it follows the line of the 
elevated plateau parallel to the mountain ranges, and, there- 
fore, is no criterion of the cost of other lines, especially those 
running east and west.’ The 300 km. of the Antofogasta in Bo- 
livia is said to have cost only $3,750,000 or about $12,500 per km. 

The original contract for the construction of the Bolivia 
Railway (Viacha to Oruro) contemplated the construction of 
a system of lines to cost a total amount of $27,000,000. $12,- 
000,000 of this was to be contributed by the Government of 
Bolivia and the balance by the concessionaires. The lines from 
Viacha to Oruro, and the branches above mentioned, have been 
built under this contract, the further interest in which is now 
in the hands of the Antofogasta and Bolivia as lessor of the 
Bolivia Railway. The Government guarantees 5% interest on 
a certain amount of bonds per mile of line built, and the de- 
ficiency on this account, for the lines of the Bolivia Railway in 
1911, was about $350,000, and in 1912 about $550,000. 

The Madeira-Mamoré Railway is in Brazil, and was built 
by that country 1909-1913 to afford an outlet from northeastern 
Bolivia, by furnishing means of transportation around the falls 
and rapids of the Madeira River, to the navigable waters of 
the Amazon. A further extension of 100 km., past the rapids 
of the Beni River, is also contemplated. 

The Arica-La Paz, 1 meter gauge, 233 km. in Bolivia, was 
built by the Chilean Government 1911-1913, to afford an addi- 
tional outlet from La Paz to the Pacific Coast. This line has 
39 km. of Abt system rack with 6% gradients on the Chilean 
section, and normal gradients of 3%. (See also Chile.) 

There are several projects for lines from the high central 
plateau of Bolivia, 12,000 ft. above sea level, eastward towards 
the headwaters of the Amazon and Parana Rivers, and un- 
doubtedly the future will see a great development of the rich 
agricultural section of Bolivia on the eastern slopes of the 
Andes, and rail connection easterly, via Corumba, through 
Matto Grosso to Rio Janeiro, and southerly through Paraguay 
and Argentina to the Parané River and Buenos Aires. It is pro- 
posed to extend the Rio Mulato-Potosi branch to Sucre and 
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from thence to Yacuiba or some other point on the Argentine 
frontier. Preliminary surveys or reconnaissances have been 
made for both of these lines, under concessions granted to an 
American corporation subsidiary to the Brazil Railway Com- 
pany, the terms of which were similar to those granted to the 
Bolivia Railway Company. 

Chile. 

The total length of the railways of Chile, at the end of the 
year 1911, is given as 6357 km., which was about equally di- 
vided between private and Government ownership. There are 
eight different gauges, ranging from 2’ 0” to 5’ 6”, the division 
being approximately as follows: 


Narrow gauge...........---.- 3,282 km. (about 50% is less than 3 ft.) 
UEVCEN AD NEES ae 2A 925 «< 
SRM aN eh tee ee ts 2,150 *¢ 

Grolier 


Of the privately owned lines, it is stated that 1400 km. 
were (in 1913) controlled by British capital, the total invest- 
ment being $120,000,000. 

There has been considerable activity in the development of 
the transportation system during the past ten years, and from 
1901 to 1911 inclusive, it is stated that about $70,000,000 gold 
was spent in the construction of new railway lines, mostly by 
the Government, over half of this amount in the last three of 
these years; and that during the year 1910 there were 2512 km. 
under construction by the Government, which it was estimated 
would cost about $60,000,000 gold. 

The main feature of the’Chilean Railway system is the line 
running parallel to the coast, from Puerto Montt in the south 
to Arica in the north, traversing practically the whole length 
of the country, a distance of approximately 3400 km. The 
lower part of this line, south of Valparaiso and Santiago, is 
mostly of 5’ 6” gauge, the construction of which was started 
in 1852, the first section being opened to traffic in 1855 from 
Valparaiso to Salto. The greater part of the southerly system 
was built previous to 1890, most of these lines forming the 
‘‘Red Central del Estado’’, being owned and operated by the 
Government. 


ya 


RAILWAYS OF NORTH AND SOUTH AMERICA 97 


North of Valparaiso, there were a number of isolated sys- 
tems, some owned by the Government, but mostly by private 
enterprises. In 1909-10 the construction of the so-called Longi- 
tudinal Railway was started by the Government, this being a 
meter gauge line, parallel to the coast, and filling the gaps 
between the existing lines from Valparaiso north to Arica. This 
has now been practically completed. It may be noted, how- 
ever, that part of the existing lines north of Valparaiso are 
4’ 814”’, so that through communication without change is not 
possible. ; 

The following table shows the operating results of some of 
the principal lines for the year 1910: 


(Values in Gold) 


Length Receipts Expenses Operating 
Kn. Per km. of Line Ratio 


Avicaybor NaAeCwag ste lho 5. sit n tet. 62 4,827 2,910 60.3% 
a Jibitad Taser eee PERE roe a okt 89 7,237 5,224 72.1 
(GERUCSGEE ESET gs oe a ne 105 AS Bs Ete acts ie po 
Wu GQue a ISAS Wa... ..nc--<--n--n-20crve=> 578 17,271 7,492 48.9 
Antofogasta a Bolivia..............-...--- 821 14,332 fi (Gla) 53.8 
Caketam© Ol0gOe tose 2 -2-- see cenvewonenne-2.2ee 184 7,889 5,254 66.6 
SUES ten oihs Cae te ee eee eee ae 298 12,134 7,502 61.8 
CORNISKGr, = RES Sees nc ee a ee 231 2,662 2,095 78.7 
CENTER IZE ce 2 eS Oe 163 1,135 959 84.2 
ARTEL TES ENT CUT Oymeteeeeee eee 22 occ cco ncnas nc 70 13,225 10,499 79.4 
IDEs) OVS) IED ey to en ee 22 7,610 4,489 59.0 
Oumar an gee seers = nde Aces avtncs te: 103 14,123 7,125 50.4 
Red Central del Estado...............-.- 2,073 14,331 16,680 116.0 


The following table shows the development of the traffic 
on the Government lines south of Valparaiso (Red Central del 
Estado) : 


1900 1911 
Length of line in operation, km. ...... 1,469 2,220 
GYOSSERCCOIUS 2b esa mann se cnecetesee ta t~ $14,165,972 $51,942,642 
1D bg ofey cs 61 ois) Seegneee eee Bene eee 14,906,503 63,673,278 
Number of passenge?s.........--------------- 6,565,254 11,200,984 
MOTs = (hee POLO Dt. 2p. t-ta-nonaan nee csene nnn 2,129,172 4,872,657 


This system consists principally of a main stem, running 
parallel to the coast and at a comparatively short distance from 
it, with certain transverse lines running to ports or harbors. 
To some extent, it follows the more or less well defined central 
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valley of southern Chile, but necessarily crosses all the drain- 
age from, and the outlying spurs of the Cordillera. The coun- 
try is generally fertile, supporting a fairly numerous popula- 
tion, providing a good passenger traffie which naturally prefers 
the direct, definite service of the railroad to the more or less 
uncertainty and discomfort of the sea, but the freight tonnage 
is comparatively small. These difficulties, added to those 
usually incident to government ownership and operation, ac- 
count for the usual annual deficit. 

A study of this system is of some interest, as indicating 
the probable future results of operation of the Longitudinal 
line north of Valparaiso, which traverses more difficult and at 
the same time less fertile and populous sections, and is also an 
indication of what may be expected from the greater part of 
the projected Pan-American line. It is stated that the Longi- 
tudinal Railway showed an operating loss of $600,000 for the 
second half of 1913. It is to be noted, however, that these lines, 
while perhaps not warranted commercially, serve a useful and 
necessary purpose politically in holding or binding together the 
constituent states of the Federation. 

The tariffs on the Chilean State Railways are shown by the 
following tables in Chilean currency $1.00 (one peso) being 
equal to 36 ects. gold. 


Passenger Tariffs—Sliding Seale. 


1st Class 2nd Class 3rd Class 


gc eee i es ABR eda $ 0.06 $ 0.04 $ 0.02 
BO) Say oer, oc LR Oe ee Se 2.70 1.80 0.90 
DOQSEE ee eee eet, Beep ee peC OPE) 15.00 7.50 
SOO rae ee eee nr 40.50 27.00 13.50 


Freight Tariffs—Sliding Seale. 

Varies from 12 ets. to 2 ets. per ton per km. for 1st km. 
for carload lots. For less than carload lots the tariff is approxi- 
mately as follows per metrie quintal (200 Ib.): 

. 1st Class 7th Class 
1 km: 2. eee $ 0.01 $ 0.01 


HOO $e eee 1.14 0.19 
WOC IA IaRMNID s 2 ee 6.00 1.00 
To this is added for, 
Each’ ticket i.peeeen ene 10 ets. 
Loading per 220 Vb. ........c.s0.-0- byt 


Unloading per 220 Ib. of 
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The report of the Minister of Public Works shows the fol- 
lowing results of the working of all the Government lines for 
the year 1912: 


Length in Operation. 


UC OmC RTIGED ler meee cet! Us ae ae ee Creep 2,286.4 km 
Woprmpomyie Chandra wel vase: See ean 482.4 <‘ 
TE UDI ISYOXO) reste Ra le oS 49.5 * 
CAST PUIT XO) ss Be eR cee ae Pa ae RR AG Ba 344.9 ‘4 
TORRE OR etree tte eee nee Px. eA Bee Uis40) CS 

3,258.2 ‘* 


Chilean Currency 


RO PAG CON tspere: ain). Se deo le ere Ie | Sa ey $65,349,941 

RCS OUSC GE ewe...) 8 eet tt oS eee 75,511,340 
Ps trmeedacos ty Of. MMes. <2 22.2 ics. cat csc oe csseov ane 428 837,703 
Vashsandamaterial on hand=-..- 2. 2008 eee 48,706,510 
Accumulated losses on operation ...............22.0e0eeeee 87,344,227 


Of the other lines, the most important (with the two ex- 
ceptions noted below) are generally groups, which have been 
developed from the numerous ports, reaching inland to import- 
ant nitrate deposits or mining districts. 


The Antofogasta (Chile) and Bolivia Railway should, in a 
sense, be included in the above mentioned grouping, as much 
of its business is the haulage of nitrate to the port of Antofo- 
gasta; but its character is also international as it reaches into 
Bolivia, having provided for a long time, one of the only two 
outlets to the Pacifie Coast and exterior world from that coun- 
try, and has handled the products of the most extensively 
worked of the Bolivian mines. This railway is unique among 
the railways climbing the South American cordillera, inasmuch 
as it reaches an elevation of 12,000 ft. with an average rate of 
gradient of a little over 1%, a maximum of about 2%, and little 
if any development or lost distance. It has been one of the 
most profitable lines in South America. (See also Bolivia.) The 
following figures are from the Annual Report of the Company 
(British) for the year ending June 30, 1914, at which time the 
total length operated was 1284 km. (in both Bolivia and Chile 
and for the railroad only and taking £1 = $5). 
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1904 1913 
(GROSS GEOG OL US fare a= ce cea nee eee $3,122,365 $9,058,870 
Working (@XPeNSCS) -<c.cen5ee eae rnees 1,566,745 5,196,895 
IN Gt ERCCCUD ESA ccence eeere esate cree $1,555,620 $3,861,975 
Number of passengers................-.-.-.- 149,870 609,713 
Moris OF. WiGra tet nere. neces eee 38,294 848,577 
Po TRO Seo theory efTOlLo Nt 2 cesee cece 478,801 1,018,205 


The Transandino. This forms the connecting link on the 
Chilean side between the Chilean railways and those of the 
Argentine. It is part of the through railway line from Buenos 
Aires, Argentine to Valparaiso, and the only transcontinental 
line in South America. It is meter gauge from Los Andes in 
Chile to Mendoza in the Argentine, a distance of 250 km., and 
connects at both ends with the 5’ 6” gauge lines of both the 
Argentine and Chile. It was completed in 1910. 

The summit tunnel is 10,500 ft. above the sea level. The 
adhesion gradients are 2% on the Argentine side and 214% on 
the Chilean side, with rack gradients of 8%. There has been 
considerable trouble from snow and earth slides during the 
winter months, especially on the Chilean side. 


Other Transandine lines. There will probably be completed 
before many years a connection between the lines of the Buenos 
Aires Great Southern, Neuquen extension and the lines in south- 
ern Chile near Victoria, both of which are of the same gauge 
(Dob ) . 

Other connections in the north have been proposed, but 
there seems little likelihood of their construction in the im- 
mediate future. There has been some talk of changing the 
present transandine to 5’ 6” gauge, but this is hardly probable 
for at least some time to ecme. 


The Arica-La Paz Railway was built between 1909 and 1913 
by the Chilean Government, in compliance with the terms of a 
treaty with Bolivia. It is 439 km. in length, of which 206 km. 
are in Chile. It has 3% adhesion gradients and a rack section 
of 40 km. of 6%. It is operated throughout its length by the 
Chilean Government. 


RAILWAYS OF NORTH AND SOUTH AMERICA 101 


b 


Argentine. oe 

The Argentine has the most important railway develop- 
ment of any of the South American countries,-as will be seen 
by the statistical tables which follow. The principal develop- 
ment has been of the territory immediately tributary to the 
capital, Buenos Aires, and secondarily of that, tributary to the 
cities of Bahia Blanea and Rosario. The past twenty-five y¢ars 
have been a period of transition from an almost entirely pas- 
toral country to an agricultural one, the former industry being 
now pushed farther afield, and followed rapidly by increasing 
development of territory devoted to the production of cereals, 
ete. As in the United States, this development has followed 
the railways and has been along very similar lines, aided largely 
by European emigration. Most of the railway development, 
in the section above referred to, has been by British interests, 
comprising most of the lines of 5’ 6’ gauge. There are three 
gauges, 5’ 6’, 4’ 814”, and meter, the length of each in kilo- 
meters being as follows on December 31, 1912: 


Operated Provisional* Total 
CNA ee Ee 19,164 km. 740 km. 19,904 km. 
Nae ee ee OLS ace AGE Oe 2,649 <é 
iMGie 2s ee ees eter OC Ailes 9S LO‘S00 ee 
32,8547 ‘4 


The railways are owned mostly by foreign corporations. 
There is one local company, and the rest are owned and op- 
erated by the Government, the distribution being as follows: 


Length Capital invested 
15) lin C1, oe eee eee eee oe eee 22,908 km. $ 875,000,000 
SPE TREY Wee hh il dos ovicssnciatvends 3,770 112,000,000 
Argentine Private .......--.:.-c--s+--- PAO) 9,000,000 
Argentine Government .........-..---- 0 amc 122,000,000 
32,854 ‘* $1,118,000,000 


* Provisional. Operated, but not formally recognized by the Govern- 
ment. 

+ The length for 1913 is given as 33,478 km. (probably not including 
provisionally operated lines). 
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The details of each line are shown in Table 7 for the year 
1912, i 

The lines sited by the Government have been built to 
expedite and. aid in the development of the outlying provinces, 
and to link them and their capitals together and with the Fed- 
eral. “district. As these lines prove remunerative, it has been, 
and. “probably will continue to be the policy of the government 
WE sell or lease them to private enterprises, and use the money 
* for further development elsewhere. 

The Federal Government exercises quite close control over 
the construction and operation of all the lines, this control and 
regulation being based to quite a considerable extent on French 
practice, although the principal development has been by Brit- 
ish capital, and under the direction of British engineers and 
operating officials, which, of course, has had its influence. Much 
of the equipment of the Government lines has, however, been 
obtained from the United States, and the operating officials 
seem to be inclined to favor United States practice. The op- 
eration of the Government lines is by an organization separate 
from that which has general control of the railways as a whole. 
There is also provincial control of lines which lie entirely within 
the boundaries of any one province, though lines once passing 
a provincial boundary must conform in every respect to the 
Federal regulations. 

In the section south of Santa Fe, Cordoba and San Juan, 
as far as Bahia Blanca, future development will generally be 
by extension of existing systems. Towards the north, there will 
be new trunk lines built, through the so-called Chaco up into 
Bolivia. Much of this country will undoubtedly be compara- 
tively rapidly developed for agricultural and pastoral purposes. 
The provinees of Entre Rios and Corrientes, previously isolated, 
were linked up with Buenos Aires on the south in 1908, and 
Paraguay on the north in 1913, by means of car-ferries across 
the Parana River, so that through trains are now operated be- 
tween Buenos Aires and Asuncion. The extension of the rail- 
way system to the southwest from Bahia Blanca is not pro- 
ceeding as rapidly, perhaps, as in other parts of the republic, 
but equally surely, and the completion of a second transcon- 
tinental line (5’ 6” gauge) from Bahia Blanca, via Neuquen, 
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to connect with the broad gauge lines of southern Chile, is 
probably a matter of only a comparatively short time. The 
development of the southern section of the Argentine towards 
Patagonia, which was formerly considered to be, hke most of 
the Canadian Northwest, a barren waste, is likely to afford a 
close parallel to the development of the latter. 

The only transcontinental line in South America at pres- 
ent runs from Buenos Aires, via Mendoza, to Valparaiso, Chile. 
The trans-Andean section, which is the part crossing the Andes, 
is 1 m. gauge, and connects with 5’ 6” gauge lines at both sides, 
so that two changes-of trains are necessary in order to make 
the complete trip. The service has generally been interrupted 
by snow and slides during the winter months, but this difficulty 
will probably be overcome in the future. With the closing of 
the short gap in Bolivia between La Quiaca and Tupiza, through 
rail communication will be possible between Buenos Aires and 
Antofogasta in Chile or Mollendo in Peru. 

In view of the somewhat prevalent idea that the railways 
of South America are usually built and operated on a much 
lower standard than those of Europe and the United States, it 
seems desirable to point out the fact that both in construction, 
equipment and service, the main lines in the Argentine com- 
pare favorably with any elsewhere, though in the, as yet, un- 
developed sections of the country, the policy adopted in the 
United States of building comparatively cheap lines, and after- 
wards improving them, has been generally followed. 

The adoption of the 5’ 6’’ gauge for the principal lines of 
the Argentine has brought about the usual result, the adoption 
of the narrow gauge for cheaper lines, which is particularly 
unfortunate in a country where the cost of the construction of 
the roadbed is usually quite low. The standard gauge (4 814’’) 
is practically confined to the provinces of Entre Rios and Cor- 
rientes. There is no fuel (except wood in some sections of the 
north) produced in the Argentine, so that all the coal used has 
to be brought from Europe or the United States. A small 
amount of fuel oil is produced in the extreme south. Wages 
are fairly high, and the men are affiliated with labor unions, 
which have a not inconsiderable voice in politics. The struc- 
tures of the main lines are usually of masonry and steel, as tim- 
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ber is scarce and expensive; 100 lb. rails, hardwood ties, and 
stone ballast are used on the principal lines. The equipment 
is generally of the American type, rather than European. Train 
control is by the Via Libre (Clear Line) system, with semaphore 
signals at way stations, operated by the agents. In the vicinity 
of the larger terminals, the block system is used. The English 
staff system is used on some lines of heavy traffic. There are 
about 1000 km. of double track. 

The general progress of railway construction as shown in 
Table 5 has been quite steady and rapid since 1880, except for 
the setback for the two or three years following the panic of 
1890. The Balkan War of 1912 resulted in a general slowing 
up in the Argentine as elsewhere, and, of course, the present 
European War has brought everything almost to a standstill, 
the earnings for the year ending June 30, 1914, being some 
$15,000,000 behind the previous year, and practically all new 
construction has been suspended. 

The statistics shown in Tables 8, 9 and 10 are from the 
official Government report covering the year ending December 
31, 1909, and Table 6 shows the progress from 1909 to 1913, 
which was about normal up to that time, but has decreased 
since then for the causes stated above. 

Uruguay. 

The most important system in Uruguay is that of the Cen- 
tral Railway of Uruguay, running northerly from Montevideo 
and spreading out fan shape to practically all sections of the 
Republic. All the railways are 4’ 814” gauge. They have been 
built and are operated almost entirely by British interests, 
closely allied with those which control the principal railways 
of the Argentine. 

In recent years, the Government has endeavored to inter- 
est capital in another network of lines to cover the country in 
the spaces not now occupied by the lines of the Central. It is 
proposed to guarantee the interest on bonds to the amount of 
about $25,000 per km. (to be issued at about 90), and provisional 
negotiations have been concluded, which however, await the 
ratification of Congress. It is also proposed that some of these 
lines shall be built by, or wholly for account of, the Gov- 
ernment. 
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The Central Railway of Uruguay, with its extensions and 
branches, has a length of about 1570 km. Its earnings for 1912- 
13 were approximately 


CT OS Se a2 foc es $6,216,960 
IN Gia cee ee nacece seo. 3,134,295 


The construction of this system was started in 1866, and 
about two years ago connection was made at Rivera—Santa 
Ana with the lines of the Brazil Railway Company (meter 
gauge), which permits through connection, with two changes 
of gauge between Montevideo and Rio de Janeiro. 

The Midland, Northern and Northwestern, are short lines 
in the northwestern section of the Republic, respectively 470, 
114 and 182 km. in length. They have gross receipts of about 
$1,200,000, and operating expenses about $800,000. 

The Uruguay East Coast Railway is a short line, 126 km., 
running easterly from Montevideo (Olmos) to San Carlos. 
Working results, 1911-12, 


(GOSS aera 2-8 Pic. 2-ciscesere ee $176,607 
BEPKS TIS CS pene ceeeee tenner 143,443 
UNVe Cet ie caer sts re oee cee $ 33,164 


This line works under Government guarantee and it is pro- 
posed to extend it to Rocha. 

Rocha-Palomas, 30 km., built 1913-14 from Rocha to the 
Port of Palomas. It is proposed to extend this line easterly to 
the Brazilian border at Artigas. 

There is a project for a line from Montevideo to Colonia, 
a point on the coast directly opposite and only about 25 miles 
from Buenos Aires, with which it is proposed to establish direct 
connection by high speed ferries, shortening the time between 
the two capitals to 4 or 5 hours, and permitting, eventually, 
through rail connection, without break of gauge from Buenos 
Aires to Rio. 

Paraguay. 

The Paraguay Central Railway is the only line in Paraguay 
and runs from Asuncion, the capital, to Encarnacion on the 
Parana River, where it connects by car ferry with the lines of 
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the North East Argentine Railway and so through to Buenos 
Aires. Its length is 374 km., gauge 4 814’’. 

A branch line has been started from Villa Rica, running 
easterly toward the mouth of the Iguazu River, which it is in- 
tended will eventually form part of a through line to Sao 
Paulo and Rio in Brazil. 

The northerly section of the Paraguay Central, from Asun- 
cion to Villa Rica, was built some 60 or 70 years ago and was of 
5’ 6’ gauge. It was changed to 4’ 8144” and extended to the 
Argentine border (Enearnacion) about four or five years ago, 
the Argentine Government granting a subsidy for this purpose 
and to cover the cost of new rolling stock. (The gauge of the 
Argentine lines with which it connects in Corrientes and Entre 
Rios is 4’ 814’’.) The road was partly destroyed and traffic 
suspended during the revolution in the early part of 1912. 
Through communication with Buenos Aires was established at 
the end of the year 1913. 

The revenues for the year ending June 30, 1913, are given 
as follows: 


GYOSSteee es ee ec ee $732,557 
EEPONSOS) hae tes aac ene $402,871 
ING eee Ste re eee caer: $329,686 


Ton miles per mile of line.. 59,678 
Pass. miles per mile of line 46,172 


Brazil. 


Brazil has an important system of railways, but it has been 
found difficult to obtain reliable and complete data in regard 
to its present status. 

The first railway line was built in 1854, but there was no 
very rapid progress until after the establishment of the Republic 
in 1889, which resulted in the autonomy of the various states 
and greater liberality in the laws governing the granting of 
concessions. 


The following table shows the progress of construction: 


85452...) 14 km. 
1890. 2... A eee eee 9,648 <‘* 
19002 14,648 << 
1906... 7,340" °° 


1913 28.5 SS ee eee 22,287 °° 
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Many lines were built under guarantees of interest, but the 
burden of this finally became so great that many of the lines 
were purchased by the Governments, both State and Federal, 
and leased to operating companies. The distribution between 
Government and private ownership at the end of 1913 was 
stated to be as follows: 


In Under 
Kilometers Operation Construction Surveyed 

Federal lines worked by the Union............ 3,344 435 435 
Federal lines leased and controlled by 

(UW sai gers. Oe cuenta Pt Bio ck a 7,462 2,083 2,882 
Lines built under concessions granted by 

Union with guarantees of interest...... 3,147 256 837 
Lines built under concessions granted by 

Union without guarantees of interest.. 1,934 189 1,260 
Lines belonging to or conceded by sepa- 

Matemovatessot, thes Umio ns. se... 6,400 865 259 

22 287 3,828 5,673 


Most of the lines are meter gauge, the exceptions being the 
following: 


Central of Brazil.:.—- 22. 1,032 km. 5’ 3” 
Sao deaulo (Wart) easee-aeeeceeee UB SE SRY 
Ia lbiehiay (Goats) eeeeeneee coecta ns PX BES tay aie 
Recife-Caxanga .......--------------- ZOD MAO" 
iectre-Olimda lee: cee reset Norco | ALIS16 
Sao Paulo & Minas............-..- 3 SMe GeO. 
Mogyana (part) .....----------------- fake RE ee tie 
JeeunNbiiey (Geet) ee eeeeereecescae SL WO 


The following statistics will give some further idea of the 
extent and traffic of the railways for the period 1897-1905, 
though it is to be noted that this only covers about 65% of the 
total length operated. 


1897 1901 1905 
Length operated km, .........------------- 8,581 9,287 11,113 
Gross receipts gold .......----------------- $22,862,700 39,925,930 29,851,392 
IDpqaernibiinncs, OC Renee tener 23,629,170 23,362,025 22,224,270 
Net OOS cba wath eee 5,233,530 9,563,905 7,637,122 
Number of passengers.......--------:---- 00 sree 468,203,518 621,135,840 


Mons Of rele Nbsese-nceat--n-zee-cceesta-u-nda | Fadeesecenemen 588,084,087 619,204,687 
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The following statement shows the total receipts and ex- 
penses (gold) of all the lines for the year 1910, divided between 
those owned by the Government and owned privately. 


Lines Owned by Lines Owned by 


Government Private Corporations 
UNGUAWL SAXCE NOMS) sa scececss ence cater $21,174,239 $15,995,118 
SO" FOXMONSES Meese ese eee 20,709,694 11,322,766 
Nets CAIN Se rerereee eee $ 464,545 $ 4,672,352 


The railways of Brazil were, on the whole, fairly prosper- 
ous up to about the year 1912. At that time, the decline in the 
value of coffee, which the project for valorization was not able 
to sustain, and a similar but more acute decline in the value of 
crude rubber, due to the competition of plantation rubber, pro- 
duced a depression which the Balkan War, and finally the great 
European War, developed into a financial crisis. For the pres- 
ent, therefore, railway affairs are at a low ebb, and the develop- 
ment of the agricultural states of the south, and the extension 
of lines westerly across the valley of the Parana towards Bo- 
livia, which was proceeding with some vigor, has been tem- 
porarily suspended. 

Future developments will be in the development of the 
states to the south of Sao Paulo by branches and extensions of 
existing lines, with eventually a connection with Paraguay, via 
the valley of the Iguazu. North and west of Sao Paulo and 
Rio, transcontinental lines will eventually be pushed across the 
River Parana, and across the states of Matto Grosso and Goyaz. 
Much of this country is open pasture at elevations of 2000 to 
5000 ft. above sea level, with an agreeable climate, and not 
tropical jungle as is quite generally supposed. The line across 
the lower end of the state of Matto Grosso, from Itapura in Sao 
Paulo towards Corumba, is getting well along towards comple- 
tion, and it seems probable that this will eventually be extended 
to Suere, and so connect with the railway system of Bolivia. All 
the groups north and east of Rio will, of course, gradually ex- 
tend their systems from the coast back into the country as such 
developments are warranted, and it is planned to extend the 
government lines northerly to Para on the Amazon. 

The Brazil Railway Company, a North American corpora- 
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tion, which also has large interests in the Mogyana and Paulista 
companies, has operated since 1908 all the lines in the southern 
part of Brazil, south of Sao Paulo; the total length of the lines 
thus controlled being as follows (June 30, 1913): 


Brazil Railway Company......................-. 5,282 km. 
1 ECU ofp haat ee gel ee oe an 8 ae eee TCO 
JIM bY ETE ee ee See nae ee dou 

STO 


The lines controlled by the Brazil Railway Company were 
originally operated independently by several different com- 
panies. After the consolidation, new lines were built to link 
up the various component parts, and at the southern end, con- 
nection has been made with the lines of Uruguay (4’ 814” 
gauge), thus permitting through rail connection from Monte- 
video to Rio (though with two changes of gauge). The earn- 
ings of the Brazil Railway Company have been approximately 
as follows: 


Gross Net 
TREY ONS Ree arene eee Se $ 7,844,345 $3,361,990 
CO =e ee 9,177,110 4,547,815 
‘iby 0) i aap ae ee 10,192,455 4,481,145 
CL Ohimmmnes * oF ace 11,672,760 5,140,850 
POMS CR Pe Se) Fos 13,057,690 5,073,795 
a Oil yee Seay S A oe Yee sey 14,479,919 5,279,385 


(Values in gold.) 


The Paulista and Mogyana systems are owned principally 
by the Government. The first was built almost entirely with 
Brazilian capital, and the latter under both State and Federal 
guarantees. They are both prosperous as shown by the follow- 
ing statements of earnings: 


The Paulista. 


Length Gross Operating 
Operated Receipts Ratio 
km. Gold 
OU ee $ 7,082,650 46 % 
CYS ee ene eer 8,472,450 46," 56 
TOO. ee ere 7,210,000 Mp sae 
TIGL ieee 1150 8,942,400 AQ 06 
IGG Ee ane ioe 1150 10,319,146 46.4 «¢ | 


ROWS ests. See 1160 11,348,500 52.4 ° 
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The Mogyana. 

Length Gross Operating 

Operated Receipts Ratio 

km. Gold 

190 Stee eee se eeeteee $ 5,750,850 53.8 % 
ASX) 2 Sere eerie ee eerer 6,401,250 Doi. 
TOMO Rete en. het eevee 5,693,750 G2. 
i) Ose stecciccnasasess 1513 6,935,700 AS 
DOD Se rasa estes 1604 8,130,380 54.4 ¢¢ 
OLS Perrone: 1728 8,694,380 6159 “ 


The Madeira-Mamoré Railroad was built for the Brazilian 
Government by the Brazil Railway Company, which also op- 
erates it under lease. Its length is 364 km., and it was opened 
for operation in September, 1912. The traffic receipts for 1913 
were about $1,700,000. 

The line was built by Brazil in compliance with the terms 
of a treaty with Bolivia, its purpose being to provide transpor- 
tation from the navigable waters of the River Mamoré in Bo- 
livia, around the falls and rapids, to the navigable waters of 
the Madeira. The treaty also provides for the construction of 
a branch 100 km. in length from the westerly end of the Ma- 
deira and Mamoré Railway along the River Beni. 

The Central Railway of Brazil (originally the Dom Pedro 
II Railway) is one of the most important systems. It branches 
out fan like from Rio, one main line running to Sao Paulo. It is 
owned and operated by the Government. Its length at the end 
of 1913 was 1968 km., partly 5’ 3” gauge, partly meter, partly 
mixed. In 1905 its length was 1617 km., and the gross receipts 
about $9,500,000 gold, with expenses of almost the same amount. 

The Leopoldina system is a network of lines lying to the 
north and east of Rio. It is owned and operated by a British 
corporation. Its length in 1913 was 2820 km., and the results of 
operation were as follows: 


GxrOSSiTeCOlp te =... eee $3,171 per km. 
TWXPONSes "Ss. 2..c-- os. .2 1 eee ee Zan) EU) eens ae 
IN6t Tecelpts’ 23. ee US Toc nes 


The Sao Paulo Railway is one of the most profitable lines 
in Brazil. It is owned by British interests, and is a short line 
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with 139 km. of 5’ 3” gauge and a feeder of about 80 km., meter 
gauge. It has 10 km. of inclines with 8% gradients operated by 
eables. Its total receipts in 1905 were about $7,000,000, with 
expenditures of just about 50% of that. The results of opera- 
tion for the first six months of 1913 were as follows: 


TOSSELCCOMP (SR Anos. cose ct es tiesP cca cases ace $4,972,105 
I SOU SOS eset eset ee con sete ee 3,989,385 
ENT@G pen OCOUPD LS ce ercccr ace astes tus ence ea meer nea 982,720 


The Great Western Railway of Brazil operates a group of 
lines running inland from Pernambuco (Recife) and also north- 
erly and southerly, parallel to the coast. The total length op- 
erated in 1913 was 1625 km. The lines are owned by the Gov- 
ernment and operated by British interests, closely allied with 
those controlling the larger railway systems of the Argentine. 
For the year ending December 31, 1912, with a length of 1620 
km., the results of operation were as follows: 

(GHOGS! OCOMPUS  .c.c--c.sc-nnaseca-sasecee-ceneeanescess $3,424,925 


TDD'9 OY SSIS) Pasar eee ee en coe ere ees oer 2,279,690 
BN Gteer C CONUS eee tae-erceaneee See eet cease nares eee 1,145,235 
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Argentine Railways. 


TABLE NO. 5. 


Lengths 
Year Km. Capital 
ANON re An ce ieee 39 741,000 
1 ae a 732 18,835,000 
NSS Oe cceecee ee ete ese Sete. deias.1 2,51€ 62,964,000 
Tet Oise ee Ae nae a are 9,432 321,264,000 
TOO ae eemecee dee ee 16,563 530,820,000 
OI eee ee Ee a Ziytle 1,099,700,353 
TB ee eae ee 33,478 1,358,849 ,967 

TABLE NO. 6. 

1909 
Length of line in opération...................-...-. 25,457 
CEO Si bay SOIR” eae Se ee a 1,018,609,000 
GAGES! TRG GI OTS ce ee ee 103,198,000 
{pg aYSTTRE S220 ces oka ee a 61,197,000 
IN@E CHOI) eae en nner 42,001,000 
SOC AMEN AS SOU OCI ier eee, coe vac Sete ccseesctisene 51,065,000 
PS iOS: TEEN ae a Oe 31,200,000 


Dollars, Gold 


Gross Earnings 
98,320 
2,502,000 
6,560,000 
26,049,000 
41,401,000 
111,448,555 
140,802,754 


1913 


33,478 
1,358,850,000 
140,803,000 
88,078,000 
52,724,000 
82,630,000 
42,917,000 
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Paper No. 73 


ITALIAN RAILWAYS. 


RESULTS OF TEN YEARS OF STATE MANAGEMENT, 


By 


Prof. LUIGI LUIGGI, D. Se., M. Am. Soe. C. E. 
President, Italian Society of Civil Engineers, Former Member of the 
Italian State Railway Board 
Rome, Italy 


GENERAL INFORMATION. 


The railways of Italy (Fig. 1) can be divided into two 
systems: Principal Lines, owned and worked by the State, 
and measuring a total of about 13,500 kilometers (8,400 miles) ; 
and Secondary Lines, owned and worked by many independ- 
ent private companies, measuring about 6,000 kilometers 
(3,700 miles). The latter act as feeders for the principal lines 
and are of great benefit to the public, as they reach places in 
the mountains where, the traffic being very small, an ordinary 
line could not run at a profit. 

Except on some mountain lines which are of narrow 
gauge, Italian railways are of the ‘‘normal gauge’’, of 1.445 
meters (4 ft. 8% in.), adopted all over Europe, except only 
in Spain and Russia. 

Italy being a country generally hilly, and in some parts 
quite mountainous, railways are costly to construct—as tun- 
nels, viaducts and important bridges are very numerous: they 
are also very costly to work, owing to heavy gradients—up to 
1 in 40 and in a few cases even 1 in 28—and to the fact that 
all the coal is imported, mainly from England and in smaller 
quantities from Germany and America. Thus the average 
working expenses in 1913 on the State Lines were 36,650 franes 
per kilometer ($11,200 per mile). 
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On the other hand, the revenue is rather low, as in Italy 
there are no great mines nor forests, and the goods traffic con- 
sists principally of agricultural products, which, in general, 
eannot afford a high tariff. The passenger rates also are very 
moderate. Thus, in 1913-14 (see Appendix) the revenue on the 
State Railways was 44,950 franes per kilometer ($13,750 per 
mile), which makes the ‘‘ coefficient of exploitation’’ (operating 
ratio) 81.5% of the revenue. 

Traffic Conditions. 

To understand this ‘‘coefficient’’ and compare it with 
other lines, it is necessary to know under what condition ~ 
Italian State Railways are worked and the class of traffic they 
carry. 

First of all, tariffs are rather low—the law requires that 
for the first-class tickets the rate shall not exceed 2 cents per 
kilometer (about 3 cents per mile) ; for second-class, 114 cents; 
and for the third-class, 1 cent. On a few lines there is even 
a fourth-class, at the rate of 34 cent per kilometer. And 
these rather trying conditions are aggravated by another law, 
which requires that on all lines, regardless of the extent of the 
traffic, three couples of trains, at the least, must be run daily. 
Thus, on several lines many trains run almost empty, especially 
in winter. 

By this arrangement the public is certainly well served 
and the traffic is encouraged very actively; but, on the other 
hand, the financial situation of Italian railways belonging to 
the State—and more or less the same can be said of private 
companies—cannot be very flourishing. The result of the high 
coefficient of exploitation and high cost of the lines is that the 
traffic barely pays an interest of 1.6% (see Appendix) on the in- 
vested capital, and for some private lines there is a deficit; so 
that the State is obliged to pay annual subsidies of from $1000 
to $3000 per mile of line. In such cases, however, after 50 to 70 
years the lines become State property. 

Italian Railway Policy. 

Although from a purely financial point of view this policy 
may not seem satisfactory, the results from the standpoint of 
the general national interests are very important. 

Many regions of Italy, especially in the South, were still 
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very backward up to some years ago; agriculture was very 
rudimental and the population poor and ignorant. 

The construction of State railways was a national duty, 
in order to bring moral and material progress into those 
regions, regardless of high cost of the lines, which were very 
difficult to build owing to mountains, ravines and malarial 
zones. 

Thanks to this provident policy, the State railways, with 
their ‘‘differential tariffs’’, have cemented the political unity 
of Italy and have given an enormous impetus to commerce. By 
making the communication easy between the northern and 
southern provinces, and by charging very low rates, the ex- 
change of the agricultural and industrial products of the re- 
spective regions has developed rapidly, and the progress has 
increased more rapidly still, since the principal railways came 
entirely under State control. There has been, undoubtedly, a 
marked improvement in trade all over Italy and a better un- 
derstanding and good feeling between the people of the different 
regions of the Peninsula. 

Thus, although from a financial point of view the results 
of State management are very modest and the coefficient of 
working expenses is high, the Nation does not complain, as it 
considers the railway expenditures in the same light as those 
necessary for the Army or the Navy. In Italy, at least, all three 
administrations are equally indispensable for the very existence 
of the Nation, regardless of purely financial considerations. 

Owing to this policy, regions that for centuries have been 
subject to a systematic abandonment—if not actual spoliation, 
while they remained under semi-foreign rulers—are now begin- 
ning to develop considerably. Agriculture is improving steadily 
everywhere, but especially in the South, and new industries 
are being started, especially in the North. The railways, with 
their low rates, are a great help in exchanging the products 
of the different provinces. 

Private and State Management. 

The most marked improvements, however, have taken 
place since the advent of the State Railway Board, in 1905. 

Before that time, the railways, although for the greater 
part belonging to the State, were worked by three private 
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companies, the ‘‘Mediterranean’’, the ‘‘Adriatic’’ and the 
‘*Sicilian’’ R. R. Cos. 

The interests of these companies were different from those 
of the State. Each company worked its system with the object 
of getting the largest revenue with the smallest expenditure; 
therefore, tariffs were kept at the highest rate allowed by law, 
trains were slow and barely sufficient for the local needs, the 
rolling stock was old and not kept in good repair, and the 
personnel was under-paid and dissatisfied. Thus, both the 
public and the personnel had continual grievances against the 
railway companies. Strikes and systematic hindrance to the 
service—or ‘‘ostruzionismo’’, that is, literal application of by- 
rules, by which there was great delay in the running of trains 
—were becoming alarmingly frequent. Parlament protested; 
several Ministers had to resign; and in 1905, when the con- 
tracts with the private companies expired, they were not 
renewed. 

The State took over the control of all its own railways, 
and of a few other private lines: necessary for the public 
interests. 

This was a daring act and was especially risky from a 
financial point of view. Happily the Government was very 
lucky in securing the services of a most competent specialist in 
railway administration, in the person of Comm. Riccardo 
Bianchi, formerly General Manager of the Sicilian Railways, 
who was given sufficient liberty of action to meet the many 
and serious difficulties which had to be overcome. The State 
administration, under the guidance of its able president, was 
brought rapidly to a very satisfactory point. The lines were 
put in good working order by renewing the permanent way, 
doubling many trunk lines and sidings, and improving the 
stations and workshops. Then the rolling stock was renewed 
and augmented, more and faster trains were run on the main 
lines, and third-class carriages were attached to all trains. 
The tariffs, also, were rearranged, in order to facilitate the 
transportation of agricultural products for long distances, and 
a ‘‘differential tariff’’ for passengers also was started, by which 
the rates per mile diminish rapidly with the inerease of the 
length of journey. 
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All these reforms gave immense satisfaction to the public, 
which being encouraged to travel and having better and 
cheaper means for the transportation of goods, was able to 
start new industries and extend the centers of business. The 
National wealth and the railway revenue increase compensated 
amply for the increasing expenditure, which, notwithstanding 
all drawbacks, is well below the revenue. 


Fig. 3. Milan-Bergamo Line. Steel Arch Bridge over the River Adda at Paderno. 
Span 360 Feet. 


The conditions of the ‘‘personnel’’ were also greatly im- 
proved, so that strikes became more rare and easily arranged, 
and peace, as far as possible, was restored between employes 
and employers and the service greatly benefited. 

Thus now, after ten years of State railway management, 
the improvements for the public have been so marked, that no 
one would wish to return to the old regime of private control. 
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TECHNICAL CONDITIONS. 


From a technical point of view, Italian railways are of 
great interest for the large number of bridges, viaducts and 
tunnels, which are a consequence of the hilly character of the 
country, and for the traction, either by electric or by steam 
locomotives. 


Fig. 4. Lecco-Sondrio Line. Granite Arch Bridge over the River Adda at 
Morbegno. Span 236 Feet. 


Permanent Way. 

(a) Bridges. For very large span bridges, steel girders 
or metallic arches are a necessity, and among these the most 
notable are the steel girders of the several bridges across the 
Po (Fig. 2), and the great steel arch bridge of Paderno across 
the Adda (Fig. 3), with a 360-foot span (110 meters). 

However, except in these special cases, Italian engineers 
prefer, whenever possible, technically and economically, to use 
masonry bridges, which although more costly to construct do 
not require much upkeep, and practically last forever. The 
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Fig. 5. Bologna-Brindisi Line. Concrete Arch Bridge over Fiume Rosso. 
Span 100 Feet. 


Fig. 6. Roma-Sulmona Line. Viaduct at Ponte Nuovo. 
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most notable masonry bridge is that of Morbegno (Fig. 4), 
over the River Adda, with a span of 236 feet (72 m.), built of 
solid granite, with steel rotules at crown and haunches. There 
is also a very handsome bridge of three arches made of cement 
conerete on the Bologna-Brindisi line at Fiume Rosso (Fig. 5), 
with spans of 100 feet. 

Ferro-conerete bridges are in favour only for small spans, 
as some fears are entertained for spans above 50 feet (15 
meters), owing to the possibility that vibrations may diminish 


adherence between concrete and iron. However, on some sec-- 


ondary lines, ferro-concrete arches of 100 feet span are now 
in construction. 

(b) Viaducts. The deep valleys often spanned by the rail- 
ways across the Apennines required the construction of many 
high viaducts, some, very important; among which those of 
Poretta, on the Pistoia-Bologna line, deserve special mention. 
The most important of all, however, is that of Campomorone, on 
the Genoa-Roneco line, with a height of 210 feet (65 m.); and 
next to it is the viaduct of Ponte Nuovo about 200 feet high 
including foundations, of the Rome-Sulmona-Isernia line and 
the Cuneo-Ventimigla line now in construction. 

(c) Tunnels. It is in the matter of tunnels, however, that 
Italian railways offer the greatest interest. Italy is truly the 
country of tunnels, and Italian tunnel-borers are famous all 
over the world. Thousands of them were employed in boring 
the New York underground railways. 

Everywhere in Italy we find tunnels, built for a variety of 
purposes and at widely separated periods, from the Etruscan 
to the most modern times. There are tunnels for drainage pur- 
poses, aqueduets, railways and road traffic. In the Etruscan 
period hundreds of miles of drainage tunnels were dug. The 
most notable tunnel of Roman times is that for the outlet of 
the Fucino Lake, some three miles in length, built under 
Claudius. 

The most important railway tunnels are those through the 
Alps which connect the Italian railways with those of France or 
Switzerland. The Mont Cenis Tunnel, the Saint Gothard Tun- 
nel and the Simplon Tunnel are well known, the latter, nearly 12 
miles long (19 kilometers), being up to now the longest in the 
world. 


ee 
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Across the Apennines there are also very important tun- 
nels, both for their great length—for example, the Ronco Tun- 
nel, between Genoa and Ronco, nearly 6 miles long (9 kilo- 
meters), and for the great difficulty of excavating through ex- 
ceedingly bad and watery marl. Among the latter may be 
mentioned the tunnels on the Foggia line, where the lateral 
pressure of the clay was so great that the revetment was 
crushed three times, till at last it was made 10 feet (3 meters) 
thick. The Gattico Tunnel, on the Domodossola line, was also 
excavated through very bad and watery ground, and it was 
necessary to use compressed-air caissons to overcome the in- 
rush of mud in some exceedingly difficult sections. But on this 
subject the special report on ‘‘Tunnels Recently Built in Italy’’, 
presented also to the Congress, may be consulted. So it is not 
necessary to enter into further details here. However, the rapid 
advance in driving some tunnels is worth mentioning. On the 
new Rome-Naples lines an advance of 25 to 30 feet per day 
was made at each heading, and in the Murgie Tunnel, cut 
through fissured limestone, the extraordinary advance of 33 
feet per day was often reached. 

Locomotives. 

The other interesting feature of Italian railways, besides 
bridges and tunnels, is the problem of traction, especially with 
electric locomotives. 

As already stated, the lines are, in general, through rather 
hilly and, in many places, even mountainous country—requir- 
ing gradients of 1 in 40, and in some short sections of 1 in 33, and 
even 1 in 28—the hauling of trains, therefore, offers great diffi- 
culties, both technically and financially. 

When the new State administration took over the lines 
from the private companies in 1905, besides finding the roll- 
ing stock, and especially the locomotives, in a very dilapidated 
condition—as they were of rather old types and in bad repair 
—it was confronted by a sudden and rapid increase of traffic, 
which increase continued steadily, till in 1913 it was quite 70% 
higher. 

Thus the problem of traction was aggravated not only by 
the material difficulties of the profile of the line, but by the 
fact that the antiquated and well-worn locomotives were not able 
to respond to the needs of this sudden increase in traffic. 
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The Director General, Signor Bianchi—who, fortunately, 
besides being a clever railway manager, was also a specialist 
in locomotive matters—rose to the occasion and rapidly over- 
came also this difficulty by adopting new types of steam loco- 
motives for the traffic on ordinary lines, and electric locomo- 
tives on very steep inclines. Thus he solved also the problem 
of the great cost of coal, for hydro-electric power in Italy, 
thanks to the abundance of waterfalls, is quite cheap. 

Steam Locomotives. 

Of the steam locomotives, it will be sufficient to give a 
rapid and concise description. They may be divided into the 
following principal groups: 

(a) Locomotive for Very Heavy Gradients. Type 0-5-0, 
Group No. 470, built by ‘‘Societa’ Anonima Officine Mecea- 
niche’’, of Milan, in 1911. 

The locomotive has ten coupled driving wheels, with four 
compound cylinders, and presents these characteristics: 


Boiler: 
Grate: surtaces 2 = Some eeb ee. 284 oe Siete 
eatin oe sutitia ¢ cymes eee SOB) SHEG eeat eee 130 
Plain stubs): C85) eeeseseeeceeeeneeenere SLUM C Veeco sc 2a 273 
Total heating surface of the tubes.... sq. feet... 2,160 
HotalMheatings Surtacojssseses eee HOSE ke@teee nests 2,540 
Wiotkinio® pressure mee neers Ibs. per sq. inch.. 228 
Diam. high pressure eylinders................ TUXOIAG'S} | ee ae e nee 14.75 
Diam. low pressure eylinders..................--- I COS eect 2 24 
SUTOKG) once on ee THA GANS a ee 25.6 
Diam sot ‘driving yheels a= UNELVEIS): tet c OR 53 
Weight of locomotive in service...............- bse ea ye 165,000 


(b) Locomotive for Fast Express Trains. Type 2-3-1, 
Group No. 690, constructed by Ernesto Breda, of Milan, in 1911. 
It is a superheated steam locomotive, with 6 coupled wheels, 
forward bogie and ‘‘Bissel’’ back trailer. 

It was built to increase the speed of the express trains on 
main lines. 

The weight of the driving axles was brought from 15 to 
17 tons, with a possibility of bringing it up to 18 tons by chang- 
ing the weight on the two trucks. The boiler and machinery 
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Ge De ae Os 


Fig. 7. Locomotive for Very Heavy Gradients. Group No. 470. 


Fig. 8. Locomotive for Heavy and Fast Express Trains. Group No. 690. 


ir 


Fig. 9. Locomotive for Mixed Passenger and Fast Goods Train. Group No. 740. 


lt 
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are larger than in the preceding types. This locomotive is of 
the simple expansion type with four cylinders working on the 
same driving axle, and has a Schmidt superheater. 
Principal Data. 
Boiler: 
Heating surface (non-tubular) -......... 01S 2) eee ee 172 
Graite’ surtaeet specccne eoceerees eee (0 Sa | 37.75 
Evaporating tubes (2.05’’).............-.-.. L816 (25 aero 155 N 
Evaporating tubes (5.23’’) ._...............- WGMbeY ..----c.2-----2 27 
Heating surface of tubes.................... SOL CO trees 2,100 
Heating of superheater.................-..---- SR BGG) ene 900 
NOW ALS Se Paves tcct se eestes ee fet ee (6 S02 (2s eee 3,000 
Workimigppmess ter s2ccess oe cse eee Ibs. per sq. in 171 
AY Civ OS —— CLL.a EN erect eee eee INCHES - tees eee 17.8 
StPOKG: qacees 5 eee eee ACH Gch recs. n cope de 26.8 
Diam. of drivanoy wihteel si -esece-cececetreses eee TCWG S18 eer e eee 80 
Weight of locomotive in service............-.-- ND Bey en tame tecccnctace 193,000 
PNG T Reba, Ny KETeOA NE Fas Eee caso acre iS ee ee 113,000 
Weight of tender im sérvice............-......- TRS ces Heer nie 110,000 


(c) Locomotive for Mixed Passenger and Fast Goods 
Trains. Type 1-4-0, Group No. 740 (Fig. 9), built by Gio. 
Ansaldo & Co. of Sanpierdarena, presents these characteristics: 


Boiler: 
Heating surface (non-tubular).......... BG aeree Urea six 130 
Grate; surface -..c a een Sp aR he eee 30 
Boilers tubes) (210) cPUPEDN OG Teaco fee ccc ce 135 
Boiler’ tubes) 14) MUTA Olesen 21 
Heating surface of tubes.............-...-. SQ behest a. 1,540 
Heating surface of superheater.......... SQtummbeC bane. .s-ts 466 
Total heating, ‘surface... SQeue te tives. .te 2. 2,100 
Workin? pifessiatve: << eaeee aeons lbs. per sq. in. 170 
Wiel, Of Cy li Met Sis ces cceccccccee eee ee IMCHOS), ceteew ecw 21.2 
ROE ROE selec arern acca arteleeeeea Case eee IICHER nrc acecwens 27.6 
Demme Oe CTIV OLS kis. coche ea eee MUCHOS eres scot. 53.5 
Weight of locomotive in service................ WO Si) xt Soreness 147,000 ) 
Active adherent weight... .-.c.-c-.scec-c-0-0 UNG) eesti eae 125,000 


Weight of tender in service... TSBiy ok. UR eRe 68,500 
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Electric Locomotives. 

The distinctive feature of Italian electric locomotives igs 
their operation by the tri-phase system. It was adopted for 
the first time on the ‘‘Valtellina Line’’, between Lecco and 
Sondrio, and since extended to the Genoa-Ronco, Savona-Ceva, 
and Bussoleno-Modane lines—a development of 280 km. (174) 


Fig. 10. Electric Locomotive Employed on Mountain Lines. Tri-phase, 2000-HP. 
Motors. Group No. 500. 


miles) ,_-where there are gradients up to 1 in 40, and very long 
tunnels, where smoke is a serious drawback. 

For instance, in the Ronco Tunnel, 9 kilometers long 
(about 6 miles), and the Mont Cenis Tunnel, 13 kilometers long 
(about 8 miles), the smoke difficulty was so serious that, not- 
withstanding artificial ventilation on the “‘Saccardo’’ system, 
cases of asphyxia among the drivers and stokers were not rare, 
and once a very bad railway accident was caused by asphyxia. 
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With the electric locomotives, all these difficulties were 
overcome. Water power being so cheap, it was possible to haul 
trains up these inclines at double the speed hitherto acquired, 
thus doubling the potentiality of the line and solving the prob- 
lem of congestion of traffic, which was becoming very pressing. 
This alone was a very great accomplishment, as it avoided the 
immediate need of new lines, which would have required heavy 
expenditure. 

It may be said that electric traction on the tri-phase sys- 
tem, as adopted on the four lines mentioned, has been such a 
success that not only is it spreading in Italy, but has been 
copied since by the Swiss State Railways for their Simplon and 
Lotschberg lines, both with heavy inclines, although not so 
steep as on the Savona-Ceva and Mont Cenis lines. 

For these reasons—the rapid increase of the traffic on 
mountainous lines and high cost of coals, compared with the 
low cost of hydro-electric power—this tri-phase system will be 
apphed to all the lines crossing the Apennines, and especially 
to the group, Pistoia-Bologna, Terni-Aquila, Sulmona-Isernia, 
in Central Italy, and other lines in Calabria, all belonging to 
the State railways. 

On private lines, electric traction on the mono-phase and 
tri-phase systems has also been applied, but not on such a large 
seale as to the Genoa-Ronco and Bussoleno-Modane lines, which 
are now the most important of Italy, and models of their kind. 

The best electric locomotives in use belong to the Group 
No. 501, Type 0-5-0 (Fig. 10), working on the tri-phase sys- 
tem and were built by the Italian Westinghouse Co., of Vado 
Ligure, since 1908. At present there are in service 152 of 
these locomotives, and 40 more are in construction. 

They work at 3000-volts tension with 15 periods. They 
have five coupled driving axles and weigh, complete, 60 tons. 
Their maximum length is 31 feet, and they are provided with 
two 1000 hp. motors. To make it easier to pass sharp curves, 
the two extreme axles have an 8-inch lateral movement, and 
the middle wheel is without rim. The motors can be united in 
parallel or in series and give two speeds, viz., 16 and 31 miles 
an hour (25 and 50 km. per hour). 

The apparatus to put the motors in parallel or in series, 
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to work the starting rheostat, etc., has electro-pneumatic con- 
trol, and is made in such a way as to command several electric 
locomotives from the first one. 

These locomotives, coupled one at the head and another at 
the tail of a train weighing 400 tons (Fig. 11), can go on an 
incline of 1 in 40 at the normal speed of 50 km. (31 miles) per 
hour, and in ease of having to stop for some closed signal, can 
start again and attain their normal speed of 50 km. in less than 
3 minutes. 

If necessary, they can also attain a maximum speed of 70 
km. (48 miles) per hour on this incline, but then if they have 
to stop they cannot re-gain the speed of 70 km. for a very long 
time, so there would be a delay in the arrival of the train and 
a disturbance of the traffic. For this reason, the normal speed 
of 50 km. was adopted on heavy inclines, which is high enough, 
considering that it is almost equal to the commercial speed on 
Italian lines having gradients of 1 in 100. 

When coming down, the motors act as generators of cur- 
rent, and thus about 50% of the energy is actually utilized for 
hauling up another train. By this arrangement, the braking of 
the down-going train is done by the electrical apparatus and 
not by the usual brakes, which are kept open, and the saving 
in tires and brake-blocks is quite notable. 

Thus, by the adoption of electrical traction, the drawbacks 
of lines with heavy gradients have been practically eliminated. 
Naturally, there is a greater expenditure of energy, but this 
being supplied by water power—which in Italy is abundant 
and very cheap—there is ample compensation in the advantage 
of being able to carry on mountain lines double the number of 
trains, and thus doubling the efficiency of the line. 

In reality, the result is as if heavy gradients and mountains 
did not exist. This will have a great influence on the laying 
out of new lines in mountainous districts. Instead of having 
to lengthen the line and encounter heavy cuttings and long tun- 
nels, in order to obtain easy gradients, by the adoption of elec- 
tric traction, as used on Italian lines, gradients of 1 in 40 are 
quite acceptable even on lines with heavy traffic, thus a great 
saving, both in the cost of construction and exploitation, will 
be realized by means of hydro-electric power. 


‘moy 0d SoTL Te 4% 8Z UL T Jo opeay ev dn utery, woZ-00F & Iedorg 
SOATJOMONO'T OMT, ‘OUT OOUOY-vousy oY} UO Ulery, SATJOMIODOT O1IQOOIN ‘IL ‘SL 
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This valuable use of electric traction will have a far reach- 
ing social influence on the progress of many mountainous Prov- 
inees of Italy—especially in Calabria, still very backward owing 
to the searcity of railways—where the difficulties of steam 
traction are insuperable and which electric traction, coupled 
with hydro-electric power, will overcome completely. 

Thus electric locomotives will prove an enormous blessing 
in hilly and mountainous regions, and will contribute greatly 
to their material progress. 


CONCLUSIONS. 


It is very difficult to say in general terms whether State 
management of railways is to be encouraged or not. But as 
far as it concerns Italian railways—and considering how mat- 
ters stood up to 1905—it would have been almost impossible 
to continue under private management; thus State administra- 
tion became automatically an absolute necessity. 

On the other hand, it must be said that in a country where 
Parliament is all powerful, State management is rather risky, 
especially from the financial point of view and in regard to 
the discipline of the personnel. 

It was feared at the beginning that Parliament (which in 
Italy meddles even with the stopping of express trains at un- 
important stations, or with transferring a ‘‘shunter’’ from one 
yard to another because he might belong to an opposing elec- 
toral party) would be a cause of great difficulties, if not of the 
utter failure of State management of railways. So the whole 
Nation was very anxious about the results of the new admin- 
istration. 

Happily, the Government was very wise in appointing 
Comm. Riccardo Bianchi as President of the Board of Diree- 
tors—a man of great experience and firmness, coupled with 
exquisite tact—who proved to be the right man in the right 
place. 

To this responsible position of President was added that 
of General Manager, and he was given a certain degree of in- 
dependence from political influence, as the Board of Directors, 
over which he presided, was free to do what it considered best 


142 ITALIAN RAILWAYS 


in the interest of the service and of the public, provided, only, 
that the Minister of Public Works, who is responsible before 
Parliament, did not ‘‘veto’’, the resolutions of the Board within 
48 hours of being notified of their passage. 

Thanks to the ability and good intentions of many of the 
Ministers that were in power during the ten years of State 
control, and thanks to the great personal sympathy and high 
esteem that was felt for Comm. Bianchi by all the leading men 
of Italy, and also by the railway staff—as was demonstrated 
when he completed his ten years of office—political influence 
was sufficiently checked to enable the new administration to 
overcome all difficulties, with the result that the railway ser- 
vice improved immensely; its rolling stock is now quite up to 
the standard of the best railways in Europe, tariffs are low and 
help to develop the natural resources of the country, and the 

talian people would not change from the present state of 
affairs and go back to private control as it existed in 1905, before 
the State management was inaugurated. 

In conclusion, it may be said that under the conditions 
existing on Italian railway lines, and owing to the need of the 
Nation to bring up to date many of its outlying and still rather 
backward Provinces, State management—at least, during the 
first ten years—has been decidedly a great success. 

Let us hope it will continue to be so in the future. 
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APPENDIX. 


In order to make clear to our American colleagues the finan- 
cial administration of Italian State Railways—which are as 
efficient and economical as any other—and to make the balance 
sheet for these railways comparable with that of the best Euro- 
pean railway administrations—such as those of France and Eng- 
land, managed by private companies, and those of Germany and 
Belgium, managed by the State, and usually taken as models— 
it is necessary to take into account the following circumstances, 
which are peculiar to the Italian State Railways and do not exist, 
or at least exist in a much smaller degree, on American railroads. 


Owing to these peculiar circumstances, some corrections 
ought to be made in the pure arithmetical results of the balance 
sheet, in order to make the different items more homogeneous 
with those of American railroads. In this way they will be com- 
parable; otherwise, they would be quite misleading. 


(1) The Revenue ought to be augmented by these items: 


(a) To compensate for the absence of 
State subsidy (granted to all private ship- 
ping companies) for the State steam navi- 
gation done by the State Railway Board, 
and for the service on the secondary Sicilian 
Repair gee LUV Vat i722 epee eer eae REE Sc Lire 3,878,000 


(b) To compensate for the services 
which the State gets free of cost (such as 
postal service and transportation in case of 
earthquakes or other calamities) or at rates 
far below working expenses, naval and mil- 
itary transports, inland emigration, Sicilian 
sulphur, ete., and which no private company 
would do without proper compensation (*)...... Lire 30,000,000 


Correcting sum to be added to Revenue 
in order to make it comparable with that of 


French, German and English railways 
SYStOMS  .W...--eeeececeeceeceneeeeeceeeeeceeeeeeeeeeeeecececeeeeesentetes Lire 33,878,000 


(*) The different branches of the Government put to the charge 
of the State Railway Administration many services that are paid for in 
other Nations; for instance, the post office does not pay a cent for the 
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(2) The Expenditure ought to be diminished by these 
items: 


(c) To expenditure accounted in 1913- 
1914 which really belongs to 1914-15_............... Lire 3,434,000 


(d) To difference in cost of coals, 
owing to greater freight from England, in 
comparison to the cost of coals for French, 
German and English railways...............-...------ Lire 20,000,000 


(e) To greater working expenses due 
to the heavy gradients that prevail on Italian 
lines compared to French, German and 
ng lish’ ral Ways ceee-cccreteeeee eee eee eater eee Lire 58,000,000 


Correcting sum to be taken off from Ex- 
penditure in order to make it comparable 
with that of French, German and English 
MAU WAYB xn cacecesteclceps een Sts seen ees ecpeepee eee eee Lire 81,434,000 


(3) The capital expenditure for the construction of Italian 
railways, in order to make it comparable with French, German 
and English lines, ought to be reduced by Lire 1,000,000,000, that 
is, from Lire 5,559,000,000, which was their actual cost, to Lire 
4,559,000,000, as about 6000 kilometres of secondary and moun- 
tain lines, or those lines built in regions where traffic cannot de- 


carrying of mails, mail-vans and travelling sorting-vans; the Army and 
Navy send materials and personnel over the lines at tariffs so low that 
they do not cover actual working expenses; the Ministry of Interior, in 
cases of national calamities, such as earthquakes, floods, ete.—unfortu- 
nately not rare during the last few years—orders that persons, provisions 
and materials to help the people or to reconstruct the damaged towns and 
villages shall be carried free of charge; the Minister of Agriculture and 
Commerce, to facilitate the migration of labourers from one region to 
another during certain periods of the year, to encourage cultivation, or 
to help the sulphur and other industries, orders that special rates below 
cost shall be granted, ete. Besides, all Members of Parliament and their 
families, all railway servants, their families and relatives, and a large 
proportion of Government employes and other persons are granted free 
passes on the State Railways; newspaper people and their families travel 
at a reduction of 75% on the usual fare, and many travel free, ete. 

All these circumstances ought to be taken into consideration when 
comparisons with other railways are made, as they form a considerable 
item of expenditure without corresponding revenue. 
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velop, should have been built with narrow gauge (0.95 metres, 
or 3 feet 1144 inches) and reduced curves, instead of with the 
standard gauge (1.445 metres, 4 feet 814 inches) and curves of 
ample radius, and which caused more tunnels and viaducts and 
greater expenditure than otherwise would have been necessary. 
On these lines a revenue of less than 12,000 lire per kilometre 
($2700 per mile) was foreseen; and still for different reasons— 
not excluding political ones in times of elections—the standard 
gauge, with its extra initial cost and running expenses, was 
enforced and is now deeply regretted. 

When all these differences between Italian State lines and 
other European lines are taken into account and properly esti- 
mated, as above, and the resulting corrections are introduced 
into the balance sheet in order to “‘measure both revenue and 
expenditure with the same foot-rule as in all the other coun- 
tries’’—otherwise, we compare values not estimated by a uni- 
form standard—the results are as follows: 


Extract from the Accounts of the ‘‘Italian State Railways’’ for the 
Financial Year 1913-1914. 


(a) Lines in exploitation—Kilometres 13,600 = miles 8,500. 


(b) Balance Sheet, as published. 


Per Per 

Kilometre Mile 
: Franes Franes Dollars 
LSPS AT FS (1 ee eae ae a 610,584,000 44,950 13,750 
IDb-q fern hho hey (GD) epee 497,756,000 36,650 11,200 
Difference (R—BE) ..........-.---- 112,828,000 8,300 2,550 


E 
Coefficient of exploitation oo 0.815 


(OLoySi hie Tne) Sarena erence 5,559,000,000 490,000 125,300 
Cost of rolling stock and 

nT oo HICSS eee eee eee 1,542,000,000 113,000 34,800 
Capital invested (C)........-.----- 7,101,000,000 522,500 160,100 


R—E 
Interest on capital Bey 6 an, 0.0159 or say 1.60% 
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(ec) Balance Sheet as it should be corrected in order to make it com- 
parable with French, German and English railways. 


Revenue corrected (KR ¢)........ 644,662,000 47,400 14,500 
Expenditure corrected (He).. 416,322,000 30,650 9,380 
Difference (R ec—E ¢).............- 228,340,000 16,750 5,120 
Cost of lines (corrected)........ 4,559,000,000 336,000 102,500 
Cost of rolling stock and 

SUP PUGS yee eases 1,542,000,000 113,500 34,800 
Capital invested corrected 

ONC) arenes fates ee oe 6,101,000,000 449 500 137,300 

: Re— Ec i 
Interest on corrected capital Eve fee = 0.0874 or 3.75% 


From this balance sheet—corrected with all fairness and 
justice so that it may be compared with other railways on the 
same basis,—appears the healthy structure and careful manage- 
ment of the Italian State Railway Board. And if in reality its 
net surplus—to be put into the National Exchequer—is not so 
high as in other more favoured or less democratically-governed 
nations, it is because those nations have already developed their 
natural resources; which Italy has yet to develop in many of its 
central and southern provinces, and especially in Sicily and 
Sardinia. In other words, railways in Italy are a powerful in- 
strument for aiding national progress and they are charged with 
many expenses that do not take place in France, Germany, and 
England. For this reason the results cannot be judged simply 
by mere arithmetical balance sheets, but must be examined from 
much higher social points of view. By so doing the Italian State 
Railways can compare favourably with any European system, 
either belonging to the State or to private companies. 
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THE STATUS OF INDIAN RAILWAYS. 


By 


VICTOR BAYLEY, Assoc. Mem. Inst. C. E. 
Ass’t Secretary, Railway Board, India 
Simla, India 


1. At the end of the vear 1913-14,* the mileage of Indian 
railways open to traffic and under construction or sanctioned was 
as follows: 


Open Under construction 
or sanctioned 
BY XO PEERY ane eee ee 17,641 miles 932 miles 
oor (metre) gauge.......---- 14,389 miles 821 miles 
BREN SENT AA So AO Rar ie ee 2,174 miles 578 miles 
PMV OAS Ore 2 5h 2 hnteep cases 454 miles 112 miles 
EIN Gi eee os cas St osensecie see 34,656 miles 2,443 miles 


The reasons for the adoption and perpetuation of a diversity 
of gauges cannot be dealt with in this paper at any length, as 
it is a subject worthy in itself of extended discussion It is not 
clear why the 5’-6’’ gauge was originally fixed upon as the 
standard gauge for India. The metre gauge came into use 
later, possibly because the promoters, in view of the difficulty 
of obtaining capital for Indian enterprises, may have found 
themselves confronted with the alternative of either having to 
build a railway of narrower and cheaper gauge than the stand- 
ard or of not building a railway at all. Once the metre gauge 
obtained a footing, it is easy to understand that branches and 
extensions were made on the same gauge. The result was that 
certain areas came to be considered the preserve of the metre 
gauge and it is consequently necessary nowadays to make new 
lines within these areas of the same gauge. The 2’-6” gauge 
lines are, almost entirely, feeders to main lines on the 5’-6’’ or 
-- * Note. The financial year runs from April 1 to March 31. Thus the 
year 1913-14 means the year April 1, 1913, to March 31, 1914. 
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metre gauge. India, being an agricultural country, is pecu- 
liarly suitable for the construction of cheap feeder lines, tray- 
ersing agricultural districts for the purpose of bringing their 
produce to the main line and, since these lines have been found 
to be attractive to capital subscribed in India, it is probable 
that their use will extend. The 2’-0” gauge is unimportant and 
has no future. It is unlikely that any comprehensive scheme of 
conversion from metre to 5’-6” gauge will be undertaken, in 
view of the improbability of obtaining either the capital sum 
required or a remunerative return upon it if obtained. 


STATE CONTROL. 


2. All Indian railways, with a few exceptions, are more or 
less under the control of the Government. The nature of the 
control varies from absolute ownership to a mild supervision 
coupled with the power of purchase after due notice. The 
Government also has certain powers of control regarding max- 
imum and minimum rates, matters affecting the safety of work- 
ing, ete., which are common to most countries and need not be 
referred to here. The following list shows the varying man- 
ner in which railways are connected with the Government. 
The two items in Class 1 are the State Railways proper and 
have a preponderating importance. As will be seen below, 
where the financial results of working are given, their prepon- 
derance is even greater than the mileage figures tend to show. 
The meaning of each item will be explained below. 


Class 1. Railways Whose Accounts Pass Through Government Accounts. 


I. State Railways worked by the State................ 7,264 miles 
II. State Railways worked by Companies.............. 18,568 miles 
Class 2. Railways Whose Accounts do not Pass Through Government 
Accounts, 

IT) District Boards aines hese: eae 166 miles 
IV. Branch Line Companies assisted by Govern- 

16021 RON te de RSS Rs ee a 1,420 miles 

V. Companies Lines guaranteed by Native States - 721 miles 

VI. Companies Lines assisted by Government........ 2,646 miles 

WIE.” Native States Ihines eset see eeceter se 3,643 miles 


abn, Miscellaneous) \..:..) ceeeeeeeenee eee ees eee 228 miles 


Seb Jago: en eee ee 34,656 miles 
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Before proceeding to an explanation of each item in the. 
above list, a brief consideration of the railways coming into. 
Classes 1 and 2 will be made. The railways shown under Class. 
1 are the State Railways of India and their accounts form part 
of the finances of the Government of India. All capital sums. 
required by them are provided by the Government, either by 
borrowing in England or India, or from surplus revenues of 
the Government, etc., as may be deemed expedient from time to 
time. In the case of railways shown in Class 2, the relation to. 
the Government is not so close, but owing to the responsibility: 
assumed by the Government for payment of guaranteed inter-- 
est, etc., in many cases, it assumes a measure of control, which: 
is, however, not so intimate as in the case of Class 1. The above- 
items will now be dealt with seriatim: 

I. State Railways Worked by the State: This requires. 
little explanation. The railways are the absolute property of 
the Government; they are officered by Government officers ;. 
their revenues are part of the general revenues of the country, 
and all capital sums required are provided by-the Government. 

II. State Railways Worked by Companies: These are rail- 
ways which are the property of the Government but which 
have, for one reason or another, been leased to private Com- 
panies for working. The first railways in India were actually 
constructed and worked by Companies, under unusually fa- 
vourable terms as to Government guarantee of interest on capi- 
tal at a rate of exchange, which proved to be so advantageous 
to the Companies and disadvantageous to the Government that 
the earliest opportunity was taken of the provisions of the con- 
tract, under which these lines came into existence, to purchase: 
them either by cash payment or by means of annuities termin- 
able after a number of years. Certain of these lines became 
State Railways, dealt with in item I above, and the others be- 
came those now under consideration. The Government has 
entered into contracts with the Companies, the broad features 
of which are (1) that the Company shall have a sinall working 
capital in the concern on which the Government guarantees 
interest at rates varying from 2 to 342%; (2) that the Com- 
pany shall, in addition, receive a share of the surplus profits. 
earned by their efforts, after meeting a payment for interest on: 
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the Government capital, such share being calculated either on 
a fixed proportion agreed upon or in proportion to the small 
capital contribution made by the Company; (3) that the Com- 
pany shall keep the railway in good order; (4) that the Goy- 
ernment shall have power to terminate the contract after due 
notice, and will then repay the Company’s small capital at par. 
It will be seen that the position of the Government is that of the 
predominant partner in a business concern. The interest of the 
Government is to see that fresh capital put into the concern is 
well spent, that the line and rolling stock are kept in good 
order, and that a profit is earned by good management. The 
interest of the Company is mainly in making the most of the 
railway as a dividend-earning investment during its period of 
tenure. The policy of the Government is to conclude long term 
agreements with the Companies and to renew the agreements as 
they fall in, with possibly a revision of the terms if this is 
found expedient. The Companies, therefore, feel secure in their 
position so long as their management is wisely conducted and 
the arrangement works very well. The Companies’ adminis- 
tration of the Government’s property is loyally and efficiently 
carried out, and the result is a substantial addition to the reve- 
nues of the Country and, also the declaration of substantial div- 
idends for the Companies’ shareholders. 

III. District Board’s Lines: District Boards have been 
established in certain localities in India as a step towards 
giving the inhabitants a measure of control over their own do- 
mestic polities. It may be said that they bear the same relation 
to the country districts in which they are situated as a munici- 
pality does to its city. In a few cases they have shown praise- 
worthy ability and have accumulated surpluses which they 
have been permitted to invest in the construction of light feeder 
railways traversing their own administrative area. In such 
cases the assistance rendered by the Government is practically 
confined to giving the land required, free of cost, to the District 
Board and in using its good offices in the preliminary negotia- 
tions. The Government takes no share of the profits and only 
reserves the right to purchase the line in certain contingencies. 
As a rule, the railway is worked by the main line with which it 
connects for an agreed upon percentage of its gross earnings. 
This development of a form of State ownership (since a District 
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Board is a form of government) is interesting as an example of 
Indian enterprise and has, consequently, been noticed at greater: 
length than the mileage so built would seem to justify. 

IV. Branch Line Companies Assisted by the Government. 
These Companies are a modern development of Indian indus- 
trial enterprise in railway construction undertaken under defi- 
nite Government encouragement. One of the objects of their 
creation has been to provide an outlet for the savings of the in- 
habitants of the country. Indians are shy of investing their sav- 
ings in industrial enterprises and require definite assurances of 
profit before they will come forward. The Government, there- 
fore, recently published an ordinance inviting proposals for the. 
construction of branch lines to the existing systems from pro- 
moters, and engaged itself, after being satisfied as to the finan- 
cial prospects of the proposed branch and the reliability of the 
promoters, to render assistance by giving (1) free land and (2) 
a guarantee of 314% on the capital invested; or a rebate out of 
the net earnings of the main line, with which the branch con- 
nects, derived from interchange traffic, sufficient to make up, 
together with the net earnings of the branch, a sum equal to. 
5% on its capital. A combination of guarantee and rebate 
terms may be permitted. In return, the Government retains. 
the right to share equally with the Branch Line Co. all profits 
above the 5% figure and to purchase the line after a term of 
years. The success of this agency for financing feeder railways. 
is assured. Apart from 21 branches, aggregating 1420 miles, 
already in operation under these or similar terms, concessions 
have been granted to 6 more companies to operate an aggregate 
of 224 miles, and proposals are under examination involving 
the construction of 2357 miles of railway at a capital outlay of 
40 million dollars. It is interesting that short feeder lines on 
the 2’-6” gauge have so far proved most attractive to promot- 
ers. The guarantee or rebate clause has very rarely involved 
the Government in any payment, but, on the contrary, the sur- 
plus profit clause has resulted in substantial additions to the 
Government revenues. 

V. Companies Lines Guaranteed by Native States: These 
Companies are the result of a peculiarity of British Administra- 
tion whereby certain parts of India are under the rule of native 
chiefs. In the case of certain progressive States, they have: 
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desired to shoulder the guarantees normally given by the Gov- 
ernment and to reap for themselves the benefits arising from 
railway construction within their borders. Such railways aré 
practically independent of Government control, except in so far 
as the Government is responsible for the safety of the working 
of the railway and in the good administration of the railway as 
forming a part of the Administration of the Native State. 

VI. Companies Lines Assisted by the Government: These 
are lines built by Companies receiving miscellaneous forms of 
Government assistance other than those described in item IV 
above. They are liable to be bought up by the Government as 
their agreements fall in, in the same way as described under 
item II above. They are practically independent of Govern- 
ment control, except in so far as the Government is concerned 
in safe working and in eventual purchase. 

VII. Native State Lines: It was explained above under 
item V that certain parts of India are under the rule of native 
chiefs. Some of these native States are very prosperous, and 
under an enlightened ruler, surplus revenues may, by Govern- 
ment sanction, be invested in railway construction. In this 
way a considerable mileage of native-state-owned railway has 
been built. Some of these railways are worked by the native 
State, and others are worked by Companies in much the same 
way as the State railways under item II above. Others, again, 
are worked by the main system to which they are branches for a 
percentage of the gross earnings. These lines often enjoy a 
considerable degree of independence. The Government is inter- 
ested in the good management of the lines, as forming a part of 
the native State administration, and exercises control over maxi- 
mum and minimum rates to be charged, but, on the whole, it 
may be said that Government control sits very lightly on them. 

VIII. Miscellaneous: Lines under this head are those in 
French and Portuguese territory, etc., and need not be referred 
to further. 


FINANCIAL RESULTS. 


3. Taking first the railways mentioned in Class 1 in the last 
paragraph, i.e., the State Railways of India, the financial 
results, in United States dollars, for the year 1913-14 are as 
follows: 
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Capital outlay (booked cost) ........-...-.-eee $1,495 443,000 
GMOSSIMEVCIUG Piece. 2a Bochner et he eR ese athe 188,196,000 
NV OnrEsIaT NC SOON SOS Grea ata. et ee ee ioe 100,374,000 
JNGiG TREN GUNS oo ae eee 87,822,000 
Percentage of working expenses on gross revenue 53% 
Percentage of net revenue on capital outlay........ 5.9% 


If the State Railways were a private business concern, the net 
revenue of 87.8 million dollars would be available for the dec- 
laration of a dividend, ete. It was actually applied as follows: 


Interest charges on capital borrowed for direct 
application to works and also for purchase of 


MEU A YS wer seee Sse S are A ie he Aaa a ee At $46,278,000 
Anmuities in) purchase of ratlways-..-:..----<c.---s0------ 13,015,000 
Payments in redemption of capital............................- 4,833,000 

Wotalscharges. on net. Tevenie....22 £20. ne $64,126,000 


Net profit to Government from State Railways........ $23,696,000 


Although the accounts of the railways mentioned in Class 
2 in the last paragraph do not pass through Government ac- 
‘counts, their results of working are available for addition to 
the above figures in order to view the results of working the 
entire body of Indian Railways considered as a whole. The 
financial results for the year 1913-14 are as follows: 


Capital outlay (booked cost)... te. - $1,650,300,000 
(CHAOS THOT” See eae oe ees Peer ease e ss emer re 211,951,000 
Wrorkine expenses cco. cco cee cceeccnnen en ceeenceeeeenen-= 109,768,000 
TNUGIR THON ACTA, a ee ree eerie 102,183,000 
Percentage of working expenses on gross revenue 52% 
Percentage of net revenue on capital outlay.......... 6.2% 


Comparison of these figures with those for the State Rail- 
ways alone, given above, show the preponderating importance 
of the State Railways; in fact, the State Railway Administra- 
tion controls railways on which the capital outlay is 907% of 
that of all Indian Railways and whose gross revenues are 897% 
of those of all Indian Railways. 


STATE RAILWAY ADMINISTRATION. 


4. The State Railways are controlled by the Railway Board, 
consisting of a President and two Members. The State Rail- 
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ways are divided up into eleven separate concerns, of which 
three are worked by the State and eight are worked by Com- 
panies in the manner described in paragraph 2, items I and II, 
respectively. Each of these railways is administered by an 
Agent (General Manager), who is responsible to the Railway 
Board for the efficient working of his railway. A system of 
delegation of powers places the Agents in an independent posi- 
tion, for all practical purposes. Broadly speaking, the object 
aimed at is that the Agents shall settle for themselves all details 
of management and the Railway Board shall possess control 
over major questions of policy and finance. The Railway 
Board with their staff form a distinct Railway Department of 
the Government of India, the portfolio of which is held by the 
Member of Council who has charge of the Commerce and In- 
dustry Department. The Government of India, again, is respon- 
sible to the British Government, in the person of the Secretary 
of State for India. Here again, a system of delegation of au- 
thority, from the Secretary of State to the Government of 
India and from the Government of India to the Railway 
Board, has resulted in a workable scheme wherein only ques- 
tions of the first importance need to be referred to higher 
authority. A slight complication is introduced by the fact 
that all the eight Companies which are engaged in working 
State property are constituted in England, and the Boards 
of Directors of these Companies naturally exercise authority 
over the Agents of their railways. Smoothness of working 
is assisted by the fact that an Official of the India Office is ap- 
pointed to sit on the Board of Directors of the Companies, and 
that by a delegation of their powers, the Directors are usually 
content to leave the management of their property in India to 
the Agent, subject to their retaining control ot important 
matters. 

In regard to the future, little can be said. The State 
already owns 90% of the railway property in India, and if it 
chooses to exercise the power it possesses under the purchase 
clauses of its agreements with the remaining 10%, can become 
the owner of all railways in India, in time. Whether such 
powers will be exerted when the time comes, as each agreement 
falls in, will probably be determined by the circumstances of 
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each case on its own merits. There is no reason to regret the 
policy of aequirement in the past, as the State Railways are 
returning handsome profits to the Government. The strong 
position they occupy will be augmented as the payment of 
terminable annuities for the purchase of railways ceases. The 
capital value of the State Railways is believed to be consider- 
ably in excess of the booked value, owing to the policy pursued 
of applying certain sums from revenue to works involving a 
degree of betterment. 


Paper No. 75 


THE STATUS OF CHINESE RAILWAYS. 


By 


CHARLES DAVIS JAMESON, M. A., Se. D., M. Am. Soe. C. E. 
General Adviser, Chinese River Conservancy 
Peking, China 
Washington, D. C., U. S. A. 


A short account of railway history in China is necessary to 
an understanding of the present status of Chinese railways. 

The first definite plan for a railway in China was a peti- 
tion by the foreign merchants in Shanghai, mostly English and 
American, dated July 20, 1863, to the then Governor of the 
Province of Kiangsu, H. E. Li Hung Chang, asking for the sole 
right to build and operate a railway from Shanghai on the sea 
to Soochow, the capital of the Province, sixty miles due west. 
The petition was not granted, Li maintaining that railways to 
be beneficial to China must be owned and operated by Chinese. 
Not until many years later was China prepared for the recep- 
tion of foreign ideas. In 1864, Sir McDonald Stephenson, an 
eminent British engineer, arrived in China, on his own initia- 
tive, to impress the advantages of railways on China. He 
located on paper an ideal railway system for China as a new 
and undeveloped country. Knowing but little of China or its 
peoples, he did not realize that China was old, densely popu- 
lated, with well defined trade routes, and that no expert was 
necessary to locate main trunk lines. They were obvious to 
even a casual student of China’s trade and geography. Sir 
McDonald Stephenson’s scheme was received with thanks and 
all courtesy by the Chinese Government, pigeonholed, and never 
disinterred. 

The next scheme was the Woosung Railway, from Shang- 
hai on the Huangpu River to Woosung at its mouth, a distance 
of twelve miles. To circumvent the Chinese objections, the 
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right of way was purchased by Jardine Matheson and Company 
on which to build an ordinary road. The embankment was 
built, and in January, 1876, rails and rolling stock for a narrow- 
gauge, light railway arrived in Shanghai and on June 30, the 
road was opened for traffic for a distance of five miles. On 
July 1 everyone was invited to travel free for two days. All 
went well. The people were delighted and traffic was beyond 
expectation, but the Chinese authorities wanted no foreign 
railway. On August 3, a coolie, evidently bent on suicide, was 
run over and killed and the running of trains was stopped. 
Eventually the Chinese Government bought the railway, pay- 
ment to be made in three semi-annual payments. On December 
1, 1876, the road was opened again and operated the entire dis- 
tance to Woosung until the last payment was made. Then the 
Chinese took possession, demolished the road, shipped rails and 
rolling stock to Formosa, where they rusted away on the beach, 
and erected a small temple to the Queen of Heaven upon the 
site of the Shanghai Railway Station. 

During 1887 to 1893 there was constructed on the Island of 
Formosa, then a part of China, some sixty miles of metre-gauge 
railway, by the Chinese. The alignment and grades were such 
as to prohibit economical loads and speed, and the construction 
was of inferior quality. At this point the work was stopped by 
orders from Peking, and the railway gradually went to pieces 
until the taking over of Formosa by the Japanese in 1896. 


THE KAIPING RAILWAY. 


Li Hung Chang became Viceroy of Chihli about 1870; soon 
afterwards there was organized the China Merchant Steam 
Navigation Company, with a fleet of coast steamers, Chinese 
capital and under Chinese management. The officers of the 
steamers were British. Much coal was needed and only Japan- 
ese coal was available. China’s vast coal deposits were mined 
only by Chinese methods, with a small output, and none were 
available for the supply of ocean steamers. This led to the 
formation, in 1878, of the Chinese Engineering and Mining 
Company and to the opening and operating of the Kaiping coal 
fields by foreign methods with Chinese capital and manage- 
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ment. This deposit lies near Tangshan, about half way between 
Shanhai Kwan and Taku at the mouth of the Pei River leading 
to Tientsin, the port of Peking. These two companies were 
organized and managed by Tong King Sing with the support of 
His Excellency Li Hung Chang, Viceroy. To Mr. Tong, how- 
ever, should be given full credit for originating and carrying to 
completion this advanced policy, which ultimately gave China 
a railway system. 

The Kaiping coal mines at Tongshan were twenty-nine 
miles from the nearest point of delivery on the sea, and railways 
were proposed, sanctioned by the Throne, and C. W. Kinder, 
M.1. C. E., K. M. G., ete., was appointed engineer. The Imperial 
Sanction was revoked, and a canal to connect with the Pehtang 
River was decided upon. This canal could not reach the mines 
by seven miles, and a tramway with mule power was con- 
structed. Thanks to the insistence of Mr. Kinder, the gauge 
was 4’ -814”, the standard gauge, thus saving China from the 
curse and expense of the metre gauge. The tramway and canal 
were finished in 1881. Still fighting for steam motive-power, 
Mr. Kinder began to build a locomotive from seraps, the boiler 
and eylinders from a portable winding engine, wheels bought 
as old iron, and the frame from channel iron borrowed from 
the mining company. The cost of construction was £75/0/0. 
By persistency and the influence of His Excellency Li, permis- 
sion was granted to finish the ‘‘monster’’, and on June 9, 1881, 
the one hundredth anniversary of the birth of George Stephen- 
son, this locomotive was christened the ‘‘Rocket of China’’ and 
at once put to daily use; opposition ceased, and the next year 
two shunting engines were purchased. 

Thus was inaugurated China’s railway system. In 1887 
the railway was completed from Tangshan, via Tongku, to 
Tientsin ; in 1894, from Tangshan to Shanhai Kuan, and in 1897, 
from Tientsin to Peking. The Government of China had, by 
1898, realized two points regarding the introduction of rail- 
ways: First, the absolute necessity of railways, and, second, 
the impossibility of procuring Chinese capital for the building 
of railways. The Chinese would not subscribe because of a lack 
of confidence in the Chinese Government, much of this feeling 
being due to experience. 
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The Chinese Government still stood fast that foreigners 
should own no railways in China and that the main trunk lines, 
at least, should belong to the central government. The result 
was ‘‘The Railway Concessions’’. 

The concessions granted to Russia in Manchuria, to the Ger- 
mans in Shantung and to the French in southwestern China 
are on a different basis from the many concessions granted to 
syndicates proper; principally, because to the Russian, German, 
and French, the railway was not the end desired, but merely 
a means to the end, and that end colonization. 

The terms of the ordinary concession were more or less as 
follows. China granted tu the syndicate as a contractor, the 
right to build a definite railway. The Chinese Government 
issued gold bonds at five per cent interest to cover the cost of 
construction and equipment, the par value of the bond being 
100. The syndicate under-wrote the bonds at 90 and sold them 
to the public at as high a price as possible. The syndicate con- 
structed the line and was allowed 5% upon the actual cost. As 
fast as completed, the syndicate had a first mortgage on the 
railway and equipment. The syndicate was trustee for the 
bondholder and operated the finished line jointly with the Chi- 
nese, the foreign element, however, predominating. A small 
percentage of the net profits, after deduction of interest and 
sinking fund, went to the Chinese. The conditions under which 
the bonds could be redeemed were agreed upon, ete. 

In Peking, 1898 was the year of concession hunters. The 
whole world was represented. Some represented bona fide syn- 
dicates. Many represented hopes and were hunting for both 
concession and syndicate. 

Then was seen the difference between the methods of the 
continental and the Anglo-Saxon. They were all there with any 
amount of good money behind them. The English and Ameri- 
ean would not sign until every detail of the agreement was sat- 
isfactory. The Belgian or French would sign almost any agree- 
ment that gave them the absolute right to the work and then 
fight out the details later. The continentals then, and ever 
since, have had the cream of the railway coneessions, and they 
have done the work they agreed to do. The British, also, have 
done most excellent work in all the railways they have built. 
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An American syndicate was granted a concession for the Han- 
kow-Canton Railway, did but little work, and later was bought 
out by the Chinese Government at a ‘‘remunerative’’ figure 
and the line is now being built by British money and British 
engineers. 

All the railways of China, with the exception of a few short 
lines usually for some special purpose, are government-owned 
and government-run. They are all under the Ministry of Com- 
munication (Chiao T’ung Pu) located in Peking. On all the 
railways having a foreign indebtedness, certain positions are 
filled by foreigners (chief engineer, resident engineers, chief 
accountant, traffic manager, chief of the mechanical depart- 
ment, ete.), with necessary foreign assistants. The nationality 
of these foreign employees, in every case, follows the nation- 
ality of the syndicate furnishing the capital, except in subordi- 
nate positions. From this, one ean see the small opportunities 
there are in China for Americans in railway employment. 
American participation in the construction of Chinese railways 
has been, to say the least, unfortunate, and, of course, the non- 
participation of Americans in this work has militated strongly 
against the purchase of American rolling stock, locomotives, 
and railway material. 

In regard to the present status of railways in China, there 
are some six thousand two hundred miles in operation and be- 
tween eight and nine thousand miles under construction, loca- 
tion, or for which definite agreements between the Chinese Goy- 
ernment and foreign syndicates have been signed, for either 
financing and constructing, or for merely financing. Less than 
three hundred miles of this amount comes to America. The 
accompanying railway map of China shows the railways in op- 
eration, construction, and proposed. The names of the different 
nationalities along these lines, such as British, Belgian, French, 
ete., indicate the nationality of the syndicate furnishing the 
necessary capital. 

The freight rates in China are high,—what the traffie will 
bear and often a little more. In North China coal is $2.05 for 
three hundred miles. 


tat aie 
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PEKING-MUKDEN RAILWAY. 


Freight charges per picul (133 pounds) and per ton per mile. 
Ist class per picul 14 cent, per ton 5 cents per mile. 
2d class per picul 1/3 cent, per ton 31% cents per mile. 
3d class per picul 14 cent, per ton 134 cents per mile. 
Dangerous per picul 5 to 71% cents. 
The following list shows the more important lines for which 
agreements have been made: 


Kerin-Hunchun, joint Chinese-Japanese.......-..22...2.2020eeeee ween 240 
Kai Yuan-Hailungchen (Branch South Manchuria), Japanese 110 
Kungchuling-Itungchow (Branch South Manchuria), Japanese 50 


TELE CIEEEIS UGE Gh WUT are ere ee ee eee 150 
Shansi Railway. Tatung-Taiyuan-Ping yao-Pochow-Tung 
i<wan-Cheneta (Szechuan), Belgians: :.......--..-2.<2-s.-:00----.-2- 960 


N. W. Trunk Line. Ili-Lanchow 1910; Sian fu 350; Tung 
Kwan 85; Honan fu 150; Kaifeng 140; Hsuchow 175; 


Thsing Kiang pu 120; Haichow 70; Belgian.................... 3,000 
MON aode tre eC OW,, GOTIMAN 2220-000 o.:22encnac-noesccsoneeeneeenes eve -nt es aesene 110 
JENSEN OS” SAAS PSL EPESN I CG (os 0291 mem ee 207 
TESS Coca year ar SW Kaige) VP (9g 40 «We og me 130 
HACAa TAA PVT ONT mS OTETTATD So, coca hese e ce cacee cnc tseceosceuscencectensbeaniencse 200 
Wenchowelsacchow Karten’, German... 22228. oeccee eae een econ 230 
Yunnan fu-Chungtu fu, La Banque Industrielle de Chine, 

LESSGTIID, ~ ceed. Jh ae re re ee 450 
Sin yang-Pukow, British-Chinese Corporation.........-----.----- 300 


Shasi-Hsing-yi, via Changteh-Yuenchow-Kwei yang, British... 800 

La Banque Industrielle de Chine, French: Sino-French, 
60,000,000 franes, Harbor at Pukow; 60,000,000 franes, 
Yangtze Bridge at Hankow; Railway, Yam-chow (uear 
Pakhoi via Nanning, Pose, Hsing to Yunnan fu)............ 550 


The following notes from the latest available data show the 
cost of construction, operation, and revenues of some of the rail- 
ways in operation: 


CHINESE GOVERNMENT RAILWAYS. 
Peking-Mukden. 
Developed from the Kaiping tramway, constructed 1880-1 


by OC. W. Kinder, C. M. G., M. I. C. E., who also completed the 
Peking-Mukden line. 
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Capital—Anglo-Chinese  -.....-2.2-2-2----------ee-- seers $49,971,571.43 
Cost of construction— 
Lines open for traffic... -...---.---------n-0ese-c-c-nnen-nsenereene 47 246,706.47 
Expenditure capital works from revenue................ 8,938,970.27 


Mileage—607 miles 

Gauge—4 feet, 814 inches 

IVECO TOUS a Oley CAN aUON Ee eres rears enateeee ease eeeee tee cee cece $13,183,638.51 
IDp-qorrersbunauney store yccehe Meh Ae ose csen so accanctosccecue cece eee 3,820,657.23 
Number of Passengers—3,495,707 

Tons of Freight—3,450,393 

IPASSONSEL TOCOMP ES: eeesseeteeeeeee cree ne raeenseerererner ee tea ee nerec eons $ 5,257,591.89 
MMOL HG TC COND USi eee sca et aeaee oe ened te aeeee a emeeeree me eee aetee er 6,850,353.37 
Ratio of expenditure to receipts, 28.90 per cent. 


Peking-Hankow. 
(Belgian-French) 
Construction began in 1898. 


Cost. of ‘constr Weblo eee sence een ee eee cata $87 956,765.22 
Mileage—755 miles 

Gauge—4 feet, 814 inches 

RECelp ts LOT yea Te eltO ewes mete area ete nenee see etree eee es $13,557 ,713.00 
Db 'g Oey Ve UU AU 2)s eee eR Pe ee rate oe aoa eae 5,246,300.00 
Open to traffic in 1905. 


Tientsin-Pukow—WNorthern Section, 
(German) 


Construction commenced July 1, 1908. 


Cavpital—G erat cesecec 22h eee eo es £5,040,000 
Plus. temporary, 00 ieee nee eerernr sn ee ae 912,272 


Mileage—453.15 miles. 
Gauge—4 feet, 814 inches 
Cost of construetion—Approximate......-.----cee eee eee £5,000,000 
Tientsin-Pukow—Southern Section. 
(English) 
Construction began February, 1909. 


Capital—British-Chinese Corporation........---------:+:-+-+----$ § 2,847,728.00 
Mileage—263 miles 


Gauge—4 feet, 81%4 inches 


ih ial 
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Peking-Kalgan, 
Construction began October, 1905. 


Capiiallimpenditurey «ish asl eee ee $10,709,820.00 


This capital was all derived from the surplus earning of 
the Peking-Mukden line. 

Engineer in Chief of construction, Jeme Tien-yu. Present 
Engineer in Chief, K. Y. Kwong. 

This line was located, constructed and is now operated en- 
tirely by Chinese. 

Canton-Hankow. 

Construction was begun by an American syndicate, which 
did a very slight amount of work and abandoned the enterprise 
on receiving compensation from the Chinese of $6,700,000, gold, 
in January, 1904. : 

This line is now being constructed under English and Chi- 
nese engineers and with British capital. Mileage, 700 miles. 


Shanghai-Nanking. 
Construction began in 1904. 


Mileage—203 miles 


@ocieo CaCOUSETUCHION = seen i =. cee eee oO, 00,27 0,00 
Source of capital—British-Chinese Corporation 

TRS ORS) SHOES Siete MADURA ee eee iain ree ore ee ere errr $ 2,675,943.00 
ISS OVSSIG MISUNCNS) eae ne Ra ee eee ca eee 1,704,794.00 


Canton-Kowloon. 


Construction began (1) British Section, 1906 
me ‘¢ (2) Chinese Section, 1908 
Source of capital— 
Chinese Section—Government of Hongkong 
British Section—British-Chinese Corporation. 


Cost of construction—British section.........-...----------------$13 284,425.00 
eee oe (@himese: SeetlOn .--2---ce- see 12,594,277.00 
Mileage—British Section 22 miles 
a Chinese Section 8914 miles 


Open to traffic: British Section, October 1, 1910; Chinese 
Section, October, 1911. British Section, 5 tunnels—100 ft, 
7,212 ft., 329 ft., 170 ft., 923 ft. All double track except No. 2; 
50 bridges, all double track. 


Mr. 
Hsia. 
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DISCUSSION 


Mr. C. T. Hsia* stated that Mr. Jameson’s paper gives a correct ac- 
count of the railways of China, but amplified on a few points. After 
the foundation of the Republic, 1912, the policy was adopted that the 
railroad lines joining large cities should be controlled by the Government. 

All of the railroads, along with the post, shipping, and telegraph, are 
under the control of the Ministry of Communications. Railroads and the 
post are being rapidly developed; shipping and the telegraph, but slowly. 

The demolition of the Woosung Railroad, mentioned by Mr. Jameson, 
was not a mistake, as there was a justification in that the contract was 
for building a highway, not a railroad. 

In regard to Americans furnishing rolling stock, ete., to railroads of 
China, Mr. Hsia submitted extracts from his book, entitled ‘‘ Modern 
Transportation in China.’’ 


Railroads in China. 


With regard to the progress China has recently made in her various 
means of communication, the advancement in railroad construction is the 
most prominent feature. The reason for this is to be found in the im- 
mense size of her territory, her numerous products and the urgent need of 
bettering and speeding up her old-established transportation ways. 

The first proposal for establishing railroads in China was introduced 
in the year 1863. The construction of the Shanghai-Woosung Line, 20 
kilometers in length, was achieved in 1876; and that of the Kiaping Mine 
Railway, 15 kilometers in length, in 1881. But the Manchu Government, 
as well as the people, did not apparently realize the importance and the 
necessity of the railroads until 1886, when the first part (from Tang-Shan 
to Tientsin) of the Peking-Mukden Line, was properly constructed and 
operated. The construction of the entire net of railroads operated today 
in China may be roughly divided into four periods: 


Years. 
First Perigd.) ere ere 1886-1894 
Second "Perigdse ee eee 1895-1905 
Third MP eric cece eee eee 1906-1911 
Hourth Period eee 1912-1915 


During the first period, ending with the year when the China-Japan 
war took place (1894), China had only 444 kilometers of railroad line in 
operation. 

The second period, beginning at the end of the China-Japan war in 
1895, lasted until the year 1905, which marked the termination of the 


* Assistant Chief of General Construction Division, Engineering Department, 


Ministry of Communications, Peking, China. Special Commissioner of the Ministry 
to” Pa Redenk. 
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Russo-Japanese war. Towards the end of this period China had altogether 
2,842 kilometers of railroads, representing an addition of 2,398 kilometers 
to the amount belonging to the first period. Thus started the new era 
of rapid progress in railroad construction in China; for during this period 
of 11 years, an average of about 218 kilometers was added every year to 
the existing railroad lines. 

The third period, starting with the conclusion of the Russo-Japanese 
war in 1906, lasted until the downfall of the Manchu Dynasty in 1911. At 
the end of this third period, China possessed a total length of 4,661 kilome- 
ters, showing an increase of 1,819 kilometers within six years. This 
amounts to an average of 303 kilometers of new railroads constructed 
each year. 


The fourth period begins in 1912, at the birth of the Chinese Republic, 
and is continuing up to the present day. Although this covers only not 
quite three years, yet, the total amount of railroad lines in China has been 
raised to 5,475 kilometers (end of 1913). There are now under construc- 
tion or preparation about 8,200 kilometers of new lines. This number 
is divided approximately thus: 


(1,500) Fifteen hundred kms. for the Lung-Hai Line. 
(1,500) Fifteen hundred kms. for the Tatung-Chengtu Line. 
(1,000) One thousand kms. for the Szechuan-Hankow Line. 
(1,000) One thousand kms. for the Shasi-Singyi Line. 
(1,000) One thousand kms. for the Cheng-Yu Line. 
(900) Nine hundred kms. for the Canton-Hankow Line. 
(850) Eight hundred and fifty kms. for the Ning-Siang Line. 
(450) Four hundred and fifty kms. for the Pukow-Singyang Line. 


Therefore, within the next few years the Chinese Government will 
own and control a total of about 13,700 kms. of railroad lines. 


China has suffered in this last period from internal upheavals aud dis- 
orders which interrupted most of the progressive reforms. However, the 
development of transportation was not only uninterrupted but was pushed 
forward and very much is being actually accomplished in spite of all inter- 
ference and difficulties produced by the political reformation since 1912. 
This was due in a large measure to the ability of the Minister of Commu- 
nications, Chu-Chi-Chien, and the present Vice-Minister, Yeh-Kung-Chao, 
who was then Director General of the Railroads in the Ministry of Com- 
munications; they have done the utmost in upkeeping the continued prog- 
ress of railroad construction in China. 

In 1913 the Ministry of Communications created a committee for the 
unification of railroad accounting. Dr. C. C. Wang, who is now Director 
of the Railway-Accounting Department, was appointed Chairman of this 
committee, and Mr. Adams, an expert American railroad man, was ap- 
pointed Advisor to the Committee. In 1914 a reorganization of the Min- 
istry of Communications was devised by the Minister, Liang Tung-Yen. 


Mr. 
Hsia. 


Mr. 
Hsia. 
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The definite plan was carried out successfully the very same year with the 
net results of increase of the ability of the Ministry, in maintaining as 
well as financing all the railroads and the other communication systems. 
These facts show the great desire and the efforts undertaken by the Gov- 
ernment for the rapid development of modern transportation facilities in 
China. It is felt that upon these depend the successful accomplishment of 
many other important reforms. 


Information Regarding the Chinese Government Railways. 


Rails of Metric Standard—Length, 9 m. to 9.75 m. Weight, 37° 
kgs./m. to 42 kgs./m. 

Rails of English Measures—Length, 30 ft. Weight, 60 lbs./yd. to 
85 lbs./yd. 


The specifications call for a limit of carbon of from 0.35 to 0.45 per- 
cent in the steel rail. The tensile strength of the material should be from 
65 to 80 kgs. per square mm., or from 40,000 to 50,000 lbs. per square inch. 
Most of the rails used are manufactured by the Hang-Yang Iron Works. 

Railroad Ties or Sleepers have a cross section of 14 cm. by 22 em., 
or 6 in. by 9 in. Specifications call for well-seasoned and carefully 
creosoted ties. 

Cars and Locomotives are built according to the ‘‘Standard Diagrams 
and Specifications,’’? approved by the Ministry of Communications. 

Signals.—A uniform system of safety block-signaling has been suc- 
cessfully put into use on all the railroads of China. The main lines and 


stations are fitted with automatic ladders, while minor lines use ladders 
handled by man-power. 


Maintenance.—Each line of the Chinese Government Railways has 
one or more shops of its own for the manufacture and repairing of its 
cars and locomotives. These shops are, generally speaking, of small 
capacity. Among them the Tang-Shan Shops of the Peking-Mukden Line 
may be considered at present the largest. This shop has not only the 
ability of supplying cars and locomotives for its own line, but also to fill 
in car orders for other railways. 

Bridges.—The largest and most famous railroad bridge of China is 
the Yellow River Bridge of the Peking-Hankow Line. This bridge is all 
made of steel, having altogether 102 spans and a total length of 3,010 
meters. All its piers and abutments are made of steel columns, screwed 
deeply down into the bottom of the river. Our model, in the Palace of 
Transportation, represents a steel-truss span and a plate girder span of 
this bridge. 

The second largest railroad bridge is the Yellow River Bridge on the 
Tientsin-Pukow Line (on the lower side of the river). The foundations 
of this bridge are of stone and concrete masonry, including many concrete 
piles, while the body of the bridge consists of steel structures. The bridge 


" 
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is 9 meters in width, containing two railroad tracks and two sidewalks. 
Its total length is 1,255 meters. It was started in 1909 and completed 
at the end of 1912. 


Very soon another large bridge is to be built over the Yangtze River 
as a connection between the Peking-Hankow Line and the Hankow-Canton 
Line. 


Gauges.—All of the Chinese Railroads, except one, are following the 
normal gauge of 4 ft. 8% in. or 1.435 m. The Tcheng-Tai Line, 243 
kilometers in length, is built according to the narrow gauge of one meter. 
However, through the means of extensible bogies, the cars running on 
this railway may be transferred into the Peking-Hankow Line, of 
standard gauge. The use of the extensible bogies has produced—so far— 
highly satisfactory results. 


GOVERNMENT RAILWAYS—LENGTH OF LINES AND AVERAGE COSTS PER 


KILOMETER. 
Government Railways in Operation....................------ 5475 km. 
Government Railways Under Construction-............- 8200 km. 
"IRON ATN eS Se ll aR SS aE RPO BREE pCR emer on oreo 13,675 km. 


-——Length in Km.—_, 


Railways Main Line Branches Cost per Km. 
Pekine-sHankow, Line. ...--,.--2---------;-<-----= 101 *$53,065 
Pekime-Nukden, Wise: .....-2.---.-.----n-sa-<009- 151 50,102 
EDemipsi Met ulc Owen LIM C --<.200- = 02422 =n-<22-see= 64 81,904 
Shanghai-Hangchow Ningpo Line.. 3 Ss 57,600 
Shanghai-Nanking Line... ot ie re ‘ 26 78,136 
Monee Mam Witt@. 2-0. t-cec2---asescsncne~cenvze | BED | atae== 85,995 
Peking-Kaleon Tine.....-.........-----:----------- Q 26 45,826 
epitenestblionans sine.) 2..5---c----c-scenaeese 185) 59,300 
Kirin-Changchun Line.........------------------- PAE we eters 46,317 


Mino KOUMSi me Midis Limes sacc------—nee-----=--- LOO GR | se2.-- 
Oanton-Kawloon [ine--...-.:-----------+-------- ie) eee 
Kaleon-Suiyuan Jine.........-..---------2-------- OU | ees 
Chuchou-Pinghsing Line.....--.------ 7 
Oanton-Samshuy Line:......-----------.---+------- ak ae er, 


D) 
7Tatung-Chengtu Line....--...------------------ P5O00" --ts- 
epberiaenn SEL AamIDIYT G22. -2e2epaac==-0<--n=<nefo=-=>~= 150.0) ae ee ae 
7+Szechuan-Hankow Line.. Ae OOO MMS tc ee pa ceca 
*@anton-Hankow. [iine......-----+-----2---------- VN Sass “See: 
SARIS CU ei IN G2. 2-2-2 2c -s-n-e-ceacee--2---- 00.0) ae ees See 
Pe@hiunie= Yate Wai Or. - =. ----.-25--t--22e=ne--r-= OC OME ee eee 
A Ning-Siame Wine.....-------:--------44--0-----= Co OME py eee. WPM) 0 Bene 
+Pukow-Singyang Line......-.------------------ 450 Besse Mn  Beeszteee 


* Chinese dollar —50c U. S. money. 
+ Railways not yet completed. 


Hsia. 


My. 
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GOVERNMENT RAILWAYS, YEAR 1913—TOTAL RECEIPTS AND 


EXPENDITURES. 

Receipts 

Pekang-HamKopy, ui @2:seseseeoecseaasaeeaseeeeeecrs $17,440,000 
Pekin e-MiwkKC en) AIM Cs saee nse se centee nneeer eee 14,400,000 
Dientsin=tkow, Wilmers-.::ssese eaee: seeeeeeeresaae™ 5,840,000 
Shanghai-Nanking Line. ...........-....----..-.--- 3,027,000 
Peking-Kaloom) [iinet secescse-2seeeeesee se eres 2,632,000 
Tcheng-Tai Line 2,133,000 
Kaifeng-Honan Line..................---..- 984,000 
Kirin-Changchun Line.. 674,000 
Kalgon-Suiyuen Line........-........-.-. 586,000 
Taokou- Tsing hua) [oin cos seers eee enone 548,000 
Shanghai-Fengching Line...............--.....-..- 531,000 
Ohuchou-Pinghsing Dine--...-2--5 520,000 
Wanton-IGawloom lin @ ices eee eren seer ereeee 393,000 
Total’ ....-sscccs ft eeasccescueeteco-seeveeoeeseeecce $49,708,000 


$ 


Expenses 


5,119,000 
5,727,000 
8,265,000 
1,877,000 
1,110,000 
1,796,000 
464,000 
652,000 
275,000 
626,000 
354,000 
340,000 
371,000 


$26,986,000 


GOVERNMENT RAILWAYS—SHOPS AND WORKING STANDARDS. 


4 Number Yearly Daily Pay Per Day 

Railway Shop Location of Working Working 
Employes Days Hours Max. Min. 
Chang-Sin-Tien 1030 300 9 4.00 0.70 
Peking-Hankow............. Liu-Kia-Mio 732 300 9 4.00 0.70 
Tcheng-Chow 189 300 9 4.00 0.70 
Tang-Shan 3850 300 9 3.60 0.40 
Peking-Mukden.............. Koupangtze 449 303 10 3.20 0.50 
Shan-Hai-Kwan 605 312 9 2.00 0.30 

(Bridge Works) 

Tientsin 241 310 9 3.60 0.50 
Tientsin-Pukow.............. Tsinan 681 310 10 3.00 0.40 
Pukow 50 810 9 3.00 0.60 
Shanghai-Nanking.__.__.. Woo-Sung 284 307 10 2.80 0.30 
Shanghai 841 307 10 3.20 0.30 
Yang-Chuan 143 298 ab 3.00 0.60 
Mchene Dai ere. Shekiachwan 792 298 et 3.00 0.60 
Tai-Yuan 148 298 ll 3.00 0.60 
Peking-Kalgon at DR Nankow 550 312 9 3.00 0.40 
Kaifeng-Honan............., Pienlo 280 312 10 2.00 0.50 
Taokow-Tsinghwa........... Tao-Ching 330 308 10 3.40 0.44 
Canton-Kawloon............. Kwang-Chiu 194 312 9 2.00 1.20 
Kalgon-Suiyuan.... een Chang-Sui 178 312 9 3.00 0.50 
Kirin-Changchun.. ... Chi-Chang 226 312 10 3.60 0.60 
Chuchow-Pinghsing........ Chu-Ping 248 312 10 4.00 0.40 
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GOVERNMENT RAILWAYS—AVERAGE SPEEDS. 


Shanghai-Nanking Line 

Canton-Kawloon Line........ 
Shanghai-Hangchow Line 
Peking-Mukden Line 


Peking-Hankow Line 
Taokow-Tsinghwa Line... 


Peking-Kalgon Line...... 
Kirin-Changchun Line..... 


Ginmchowe eam ON sin oe Tie e222. 28 Be ee ex ase ot scecteccencesecnsevennesses 


1 Kilometer equals 0. 62 Mile. 


EE MTS ed BDU Gog O08 21 2 Re ee ee ee ee 
cay Bees EM OMU AIA PILI O5 es nee cae he nese sme oxen eeeee eee eerie 
VERON BUGGIES DAN \zac 2 ee me RR oe ee oe ee 
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Speed in 
Kms. per hour 


65.5 
56.5 
51.0 
50.5 
49.0 
47.0 
47.0 
40.0 
39.5 
36.5 
33.0 
32.0 


GOVERNMENT RAILWAYS—FIRST CLASS PASSENGER TRAINS. 
Fare per 
Kilometer 


OOS PO ES ee PY a os ee seen ee ee gee 


Kirin-Changchow Line 


Peking-Kalgon Line 
Tientsin-Pukow Line 
Peking-Mukden Line 


Peking-Hankow Line 


Kaifeng-Honan Line 


Canton-Kawloon Line 
Shanghai-Nanking Line 


Shanghai-Hangchow 


Taokow-Tsinghwa Line..... 
Chuchow-Pinghsing Line 


Ningpo Line. 


I Kilometer equals 0.62 Mile. 


$0.048 


0.048 
0.043 
0.038 
0.038 
0.036 
0.036 
0.028 
0.026 
0.026 
0.025 
0.016 


GOVERNMENT RAILWAYS—ROLLING STOCK INVENTORY. 
END OF YEAR 1913. 


Railways Locomotives Tenders 
Peking-Hankow  .........- 126 84 
Tientsin-Pukow 82 70 
Peking-Mukden ............ 137 117 
Shanghai-Nanking ...... 31 B31 
Shanghai-Hangchow .... 8 tf 

(Kiangsu Section) 

Shanghai-Hangchow .... 19 13 

(Cheekiang Section) 
Neheng- Dar ees. ftw 51 46 
Peking-Kalgon _ .......---.- Bue 26 
Kaifeng-Honan ...........- 15 10 
Kalgon-Suiyuan ............ 8 4 
Taokow-Tsinghwa 10 8 
Canton-Kawloon 9 7 
Kirin-Changchun ......... 13 11 
Chuchow-Pinghsing ...... 12 10 

Yi ist ee e 558 444 


Passenger 


Cars 


242 
153 
306 
82 
43 


50 


63 
60 
38 
24 
33 
31 
20 
16 


1,161 


Freight 
Cars 
2,602 
1,167 
2,941 
288 
75 


283 


496 
392 
328 
100 
166 

47 
LT 
183 


9,239 


Total 
of Units 
8,054 
1,472 
3,501 
432 

133 


365 


656 
515 
391 
136 
217 

94 
215 
221 


11,402 


Mr. 
Hsia. 


Paper No. 76 


GENERAL PRESENTATION OF THE PRESENT CONDI- 
TION OF THE RAILWAY SYSTEM IN RUSSIA. 


By 


V. A. NAGRODSKI 
Petrograd, Russia 


Towards the end of 1914 the railway system of the Russian 
Empire then in operation, comprising the East China Railway 
(in Manchuria) presented, without counting the secondary 
connections, a total length of 71,939 versts (76,745 km. = 47,687 
mi.), of which 18,467 km. (11,475 mi.) or 24 per cent are double 
track. 75,337 km. (46,812 mi.) belong to the railways of gen- 
eral importance; the other 1408 km. (875 mi.) were purely of 
local importance. 

Most of the Russian railways have a gauge of 1.524 m. 
(5 ft.) width, known as ‘‘normal’’. There are only 4579 km. 
(2845 mi.) having a gauge for the track of 1.435 m. (4 ft. 814 
in.) ; 577 km. (358.5 mi.) having a gauge of 1.067 m. (314 ft.) ; 
and 1000 km. (621 mi.) having gauges of 0.913 m. (3 ft.), 0.900 
m. (2 ft. 111% in.), 0.800 m. (2 ft. 7% in.) and 0.750 m. (2 ft. 
514 in.). 

The grades belonging to the Russian railroads are, barring 
a few exceptions in the mountainous countries, from 0.008 
(0.8%) to 0.010 (1.0%). The radii of curvature most fre- 
quently used are those of 400 to 600 m. (1312.3 to 1968.5 ft.). 
The track consists of steel rails, type vignole, on wide ties (pine, 
oak). The rails weigh from 30 to 37 kg. per running meter 
(60 to 75 lbs. per yard). 

The principal statistical data concerning traffic and finan- 
cial results obtained by the most important lines in Russia 
from 1907 to 1912 are collected in the tables appended to this. 
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paper.* In examining these tables, one can readily notice that 
almost all the lines increased their traffic and receipts in a 
rather rapid and regular manner, at the same time decreasing 
the operating expenses in a more or less systematic way. The 
annual increase of the traffic of Russian railroads can be set 
at from 6 to 7 percent, on an average. 

A summarized comparison of the results of the operation 
of the Russian railways for the years 1902 to 1912 brings out 
the following increases: 


elioncihmon LIMeS Operated. ...cs.ces2ccc-gee----cne+y- 17% 
cmeNmmber ot travelers per KM. -...20..2-c--cq-cc------ 68% 
3 Amount of merchandise per km. .................. 53% 
AM OLAN RTC COND LS )esiereie sais tote a bos saseaeceth Mets eee 80% 
PIMPLE COME SHED CT, = KA atts Jc.a2--acsaeaacsdegeqreesc-caeaqeseeetta se 54% 
OME OUAIN OX) CU GCS 5 o2- teers tensa crease sesedeeasearancncecernarbas 539% 
MEE ECOL SOS OK PCI, goers. ace cedeseseectwteesacee seca eerene = 31% 
8 Coefficient of operation._..................... minus 15% (decrease) 


The events which are taking place just now in Russia, 
having delayed the publication of definite statistics for the 
year 1913, we shall have to be satisfied with the following prin- 


* The years 1904, 1905, 1906 have been omitted from the decennial 
statistical tables because they could not be considered as normal on ac- 
count of disturbances in the economic life of the country, caused by the 
Japanese war and the domestic events which followed it. 

Length operated, 68,850 km. (42,781 mi.) 
Gross receipts, 1,128,903,198 rs. ($581,385,147) 
Operating expenses, 670,594,037 rs. ($345,355,929) 
Coefficient of operation, 59.4. 
Density of the passenger traffic: 
Passenger-km. per km. of the lines, 405,000 (= pass.- 
miles per mile). 
Density of the freight traffic: 
Ton-kilometers per km., 961,578 (1,059,947 ton-mi. 
per mi.). 
Work of the locomotives: 
Kilometers per 1,000,000 ton-km. of freight, 6,650 
km. (6037 mi. per 1,000,000 ton-mi.) 
Average net weight of a freight train, 288 tons (317.5 
short tons). 
Number of locomotives, 19,820. 
Number of passenger cars, 29,099. 
Number of freight ears, 470,626. 
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cipal data relating to the year 1912, and which may be used 
to characterize, in a general way, the present condition of the 
Russian railways. 

The figures of 1913, as one may perceive from the prelim- 
inary information, are still higher, for the traffic continued to 
increase with the economic development of the country. To be 
able to meet this intense increase of traffic, a series of improve- 
ments and measures had been undertaken with the purpose in 
view of developing the capacity of the system. In the last 
years more than 100,000,000 of rubles ($51,500,000) have been 
spent for double-tracking, enlarging stations, strengthening the 
roadbed and decreasing the grades. At the same time, the loco- 
motives of older types are being replaced by powerful machines 
(Consolidation type), and the capacity of the cars has been 
raised up to 20 tons. The opening in the near future of a 
rather large number of lines now building, which will be men- 
tioned further on, will also assist in relieving somewhat the 
intense work of the system now operating. 

The average receipts of all the Russian railways per passen- 
ger- and ton-kilometer tend to decrease and are now figured 
almost as follows: At 0.8 copecks* per passenger-verst (0.75 
cop. per passenger-km. = 0.62 cents per passenger-mile) ; to 
1.35 cop. per ton-km. (1.02 cents per ton-mile) of slow freight 
and to 2.85 cop. per ton-km. (2.145 cents per ton-mile) of lug- 
gage and fast freight. 

These average receipts resulted from the application of 
rather complicated tariffs, which are in Russia since 1889 under 
the strict control of the State, to which belongs exclusively the 
right to fix taxes collected by all the Russian railways. 

The Russian tariffs belong to the system ealled ‘‘historie’’ 
(with more than 4500 classifications of merchandise) and dif- 
ferential; the taxes are collected per pood} and per full carload. 
The taxes for the first 200 versts (214 km. = 133 mi.) vary, aec- 
cording to the classification of the merchandise, from 14 to 1/45 
copeck per pood-verst transported (7.16 to 1.27 copecks per 
ton-km. = 5.39 to 0.96 cents per ton mile), while for the dis- 
tances for 200 to 300 versts they decrease even to 1/150 and. 

*100 copeks 1 ruble==0.515 dollars. 

71 metric ton 61.05 pood; 1 short ton==55.371 pood. 
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even 1/200 (0.39 to 0.29 copeck per ton-km. = 0.29 to 0.22 cent 
per ton-mile). There are special tariffs for coal, minerals, 
naphtha, salt, sugar, etc., as well as decreased tariffs for ex- 
portation. 

The passenger tariff is calculated according to zones of 
from 25 to 70 versts,* with an initial tax of 1.5 cop. per verst 
(1.41 copeks per km. 1.17 cents per mile) for the III class 
and an increase of 20, 25 and 40 cop. per zone. The third class 
ticket for a trip of 3010 versts (3221 km. = 1996 mi.) costs, as 
an illustration, 17.80 rubles ($9.18). 

The taxes of the second and first classes are determined by 
multiplying the tax of the third class by 1.5 and 2.5 respectively. 

There are additional amounts to be paid for express trains 
and for reserved seats. 

The general tendency of the Russian state has been di- 
rected, until now, toward a systematic decrease in the tariffs. It 
is probable that, however, in the very nearest future they will 
have to resort to an increase of the principal taxes. 

For the moment, all transportations by rail are still bur- 
dened with a rather heavy war tax. 

Towards the end of 1914 there were in Russia some 16,800 
km. (10,489 mi.) of lines under construction, of which 3800 km. 
(2361 mi.) are already being operated in a temporary manner. 
The last years can therefore be considered in a general way as 
the beginning of a new period of a great extension of the rail- 
way system in Russia. It is to be feared that the European 
war will retard, more or less, this development so necessary for 
the empire. 

Two thirds of the Russian railways belong to the State. 
Towards the end of 1914 the total length of the system in opera- 
tion was 76,975 km. (47,830 mi.), of which 51,615 km. (32,072 
mi.) were the property of the State and only 25,360 km, (15,758 
mi.) belonged to private companies. 

This predominance of the government lines is due to the 
policy of buying out companies, which the Russian government 
carried out from 1881 to 1901, and to the construction by the 
government during that same period of a few main lines (the 
Trans-Siberian, Trans-Caspian, Tashkent). In 1890 the govern- 


= verst == 1.067 km. 
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ment system represented only 29 percent of the entire railway 
system, and in 1900 the government was in possession of 70 
percent of the system. This proportion has been maintained 
almost the same until now, but it will decrease in the future, for, 
since 1908, the Russian government has granted a large number 
of lines to new companies (25 companies with a total capital 
of about 600,000,000 rubles ($309,000,000), while during the 
period 1881 to 1901, it hardly authorized any formation of new 
companies, granting new franchises only to existing companies. 
Thus were formed the seven great companies: ‘‘Moscou- 
Kazan’’, ‘‘Moscou-Kiev-Voronége’’, ‘‘Caucasus’’, ‘‘Riazan- 
Ouralsk’’, ‘‘South East’’, ‘‘Moscou-Vindava-Rybinsk’’, and 
‘“Warsaw-Vienna’’. This last company was bought back by the 
State in 1912; this purchase has been the only one since 1902. 

It can be seen that the question of the nationalization of 
the railroads has been discussed many times in Russia and 
that there were long intervals during which the State régime 
prevailed. 

At the present time, it seems that the creation of a series 
of new companies, on one hand, and the financial preoccupations 
which will fall upon the government after the European war, 
on the other hand, announce for Russia the beginning of an era 
rather prolonged, during which will prevail the régime of 
private companies under State control. 
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Paper No. 77 


THE STATUS OF RAILWAYS AND TRAMWAYS IN THE 
NETHERLAND EAST-INDIES. 


By 


HE. P. WELLENSTEIN, C. E. 
Netherland Indian Government Railways’ Engineer 
Formerly of Batavia, Java 
The Hague, The Netherlands 


The extension of the rail- and tramway system in the Neth- 
erland East-Indies is closely in accordance with the general 
condition of the different islands forming that colony. 

At the close of 1913, Java and Madura, forming an admin- 
istrative unity with an area of 2388 geographical square miles 
and with a population amounting to 30 millions, had 2434 kilo- 
meters of railroads and 2109 kilometers of tram-lines. 

Sumatra had, at the close of 1913, four separate systems of 
railroads and tram-lines, the total lengths of which are, respect- 
ively, 337 and 635 kilometers. The construction on the rail- 
ways in Southern Sumatra did not begin until two years ago. 
The rest of the Archipelago (belonging to the Netherlands) has 
no rail- or tramways. 


JAVA AND MADURA. 


The development of the rail- and tramway net has fol- 
lowed various paths, the principle of railroad construction by 
private enterprise being first adhered to. The first line, from 
Semarang to the Vorstenlanden, with a branch line from Kedo- 
eng Djati to Willem I, with a length of 206 kilometers, was en- 
tirely finished in 1873; the first part was ready to be opened in 
1867. For this line, the State guaranteed a dividend on the 
capital outlay for construction, rolling stock, ete. On the other 
hand, after 99 years, when the lease expires, the railway track 
and everything belonging to it will become the property of the 
State, which will only have to pay a compensation for rolling 
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stock and some other minor items. This system of guarantee- 
ing the interest was not applied in any other case; no financial 
help was given for further concessions. 

The first railway was soon followed by a short line of 56 
kilometers from Batavia to Buitenzorg, constructed and worked 
by the same company as the first line mentioned above. Fur- 
ther extension of the railway system was not due to private 
enterprise. When the extension of the system became more 
and more necessary, the State decided, in 1875, to itself start 
the construction and operation of railways. Only the line from 
Batavia to Krawang and from there to Kedoenggedeh was in 
later years constructed by a private company, which line, like 
that from Batavia to Buitenzorg—also lying in West Java and 
forming the first part of important State lines of great length— 
has passed into the hands of the State. As a result of the colon- 
ial financial policy, railway construction could not always pro- 
ceed at a uniform rate, the railways being built from revenue, 
and no money raised to meet the costs. Only of late has the leg- 
islative power in the home country made money available on a 
larger scale. In all, 202 million guilders* have been spent for 
State railway construction in Java and Madura up to the end 
o£ 1913. 

The reason why private enterprise has not cooperated 
more largely in the extension of the railway net is due to the 
small returns that may be expected during the first years of 
exploitation. 

Without the help of the State, either by a guarantee of 
dividend or otherwise, the public could not, in many respects, 
consider railways a desirable investment. The State, instead 
of supporting private enterprise by subsidies or guarantees, has 
preferred to construct and work the railways itself. Yet pri- 
vate enterprise has energetically contributed to improve the 
means of transportation, namely, by constructing tram-lines, 
which, by their length as well as by their location are hight 
railways rather than what is usually meant by tramways. 

It is true that the tramways follow more or less the exist- 
ing roads, but in other respects, the character of tramways has 
not always been preserved. On several lines the traffic has 

* Guilder = $0.40. 
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increased so much in the course of years that simple tramway 
methods did not suffice, so that on some lines the reconstruc- 
tion is already in progress, which will transform the tram into 
a railway. 

To judge of the extent of private enterprise in this respect, 
it may suffice to state that at the close of 1913 there were 2036 
kilometers of tram-lines in Java privately operated; the capital 
invested in these lines amounted to 95 million guilders. 
Principles Governing and Costs of Construction. 

As stated above, only a small amount of traffic can be 
expected, especially during the first years after the opening of 
a line. The fact that the island of Java is drawn out in length 
and has a great number of harbours excludes a dense traffic 
over long distance. Therefore, the cost of construction has to 
be as low as possible, while the capacity of the lnes need not 
be very great. 

When the first railway was being constructed with a gauge 
of 1.435 meters, the question was considered whether a nar- 
rower gauge would not suffice for Java, and even for the whole 
of the Netherland East-Indies. In accordance with a report 
drawn up by two experts, the normal gauge has been fixed at 
1.067 meters, which gauge has been used on the Batavia-Buit- 
enzorg line. Since that time, this latter gauge has—hardly with- 
out exception—been adopted for all the railway tram-lines; 
although since 1908, a width of 0.60 meter has been chosen for 
some tram-lines of minor importance. 

At the end of 1913, 206 kilometers of railroads in Java and 
Madura had a gauge of 1.435 meters; 32 kilometers of tram- 
lines (in the adjoining towns of Batavia and Meester Cornelis), 
a width of 1.188 meters; 4222 kilometers of railroads and tram- 
lines, a width of 1.067 meters; and 83 kilometers of tram-lines 
had a width of 0.60 meter. So we see that the gauge of 1.067 
meters, which has been adopted as the normal one, predomi- 
nates in all respects. 

The existing differences have, on the whole, caused little 
inconvenience, with the exception of the Djokjakarta-Soera- 
karta section of the Semarang-Vorstenlanden line. 

Originally, this section was merely part of a line to the 
harbour-town of Semarang; later, its connections with the nar- 
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rower tracks have made it part of the main line which traverses 
the island in its greatest length. A provisional solution of the 
difficulty has been found by laying a third rail. 

On examination we find that the gauge chosen has been 
justified by experience. The capacity of the 1.067-meter track 
has proved sufficient in all respects; so far the advisability of 
doubling the track has been considered for only one line, start- 
ing from the harbour town of Soerabaya. The operating ex- 
penses are not excessively high, yet average comfort can be 
obtained. The traveling speed attained is 65 kilometers per 
hour on the plains and 45 kilometers per hour in the mountains. 

The speed on the plains will be considerably increased 
shortly; recent trial runs having shown that with specially 
constructed rolling stock the maximum speed ean easily be 
made 120 kilometers per hour. Already, engines are in service 
which can draw 300 tons, exclusive of the tender, at a rate of 
80 kilometers per hour on the level. At the same time, it has 
been possible to keep the cost of construction low; the State 
railway system in the mountainous, western part of Java had an 
original cost of construction of no more than 78,000 guilders 
(£6500) per kilometer, and for the flat, eastern part of Java, 
about 62,000 guilders (£5170). Of course, relatively large sums 
have had to be added for extensions and improvements. As 
the traffic increased, more or less had to be spent under this 
head, so that at the end of 1913, the capital outlay of the west- 
ern lines stood at 96,000 guilders per kilometer; of the eastern 
hnes, at 83,000 guilders. At the same date, the cost of the lines 
with a gauge of 1.485 meters stood at 151,000 guilders per kil- 
ometer. 

Also for the tramways, the cost of construction has been 
very low. With the exception of the lines of the Batavia Elec- 
tric Tramway Company, which, for various reasons, have cost 
138,000 guilders per kilometer, the highest cost of construction, 
namely, that of the line Djokjakarta-Magelang-Willem J, 
amounts to 84,000 guilders per kilometer. This tramway, of 
which only about 20% was laid on the public roads, shows these 
high costs because a rackline had to be used over great dis- 
tances. On an average, the tramways had cost nearly 46,000 
guilders per kilometer up to the end of 1913. 
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It may be mentioned that for the railways with a gauge of 
1.067 meters a rail section of 25.6 kilograms per meter has been 
used for a considerable time. This rail section, which, with few 
exceptions, has also been generally used on the different tram- 
lines, has been replaced on the principal lines of the State rail- 
ways by one of 33.4 kilograms per meter. The maximum 
weight permitted on the axles of the engines is about 10 tons. 
The heaviest engine used in flat country has a total weight, in 
working order (exclusive of the tender), of 53.6 tons; it has 
three coupled axles, with 10 tons on each axle. 

On the mountain lines, Mallet-Rimmrott engines have long 
been used, the heaviest of which, having 2 three-coupled axles 
and one driving axle, have a total weight in working order of 
63.6 tons. Of late, a heavier type of engine has been used; it 
has 6-coupled (Gélsdorf) axles and a total weight, in working 
order, of 76.7 tons, of which 61.6 tons is adhesion weight. 

On the 1.435-meter-gauge lines, the rail section has a 
weight of 41 kilograms per meter; the maximum load on the 
engine axles is 14 tons. The heaviest engine has a weight, in 
working order, of 65 tons, exclusive of tender, of which 53.2 
tons is adhesion weight. It should be added that, for the rail- 
ways with a gauge of 1.067 meters, 200 meters is generally con- 
sidered the smallest radius for curves; only occasionally curves 
with a radius of 150 meters occur. In the high mountains, the 
_ track often presents very steep gradients; on the Padalarang- 
Buitenzorg line, two parts are found where, over a considerable 
distance, a gradient of 40 per 1000 is maintained. 

Finally, we mention that, of the above rail- and tramway 
system, only 18 kilometers are worked by electricity. On sev- 
eral tram-lines and on some parts of the railway system, the 
change to electric traction is being studied and considered. 
Nature and Amount of Traffic. 

On the various railways and tram-lines, the goods traffic 
has developed very differently, according to the nature of the 
provinces traversed and according to their location. Traffic is, 
of course, greatest in the neighborhood of the different harbour 
towns, from which the goods are shipped for the world’s com- 
merce and where import articles arrive that have to be carried 
inland to the consumers. The greatest traffic is found on the 
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State’s railway line leading to Soerabaya; then follow the lines 
connecting Semarang with the inland places. 

The number of passengers is also greatest in the neighbor- 
hood of the large harbour towns; the exceptionally great num- 
ber of travelers on the Bandoeng plateau is remarkable. 

The following data illustrate the amount of traffic; the 
great increase in the last five years deserving special notice. 

In 1903, on the different railroads, 2,253,000 tons of goods 
were transported; this rose to 3,371,000 tons in 1908; and to 
5,193,000 tons in 1913. This is an increase of 54% in the last 
five years. 

For the tram-lines, the corresponding figures were 1,316,- 
000 tons in 1903; 2,318,000 tons in 1908; and 3,423,000 tons in 
1913. 

So in 1913, as a total, 8,616,000 tons of goods were trans- 
ported in Java and Madura. 

The city tram-lines excluded, the number of travelers rose 
from 33,016,000 in 1903, to 50,328,000 in 1908, and 83,110,000 
in 1913; so, in the last five years the number of travelers in- 
creased 65%. 

This growth is partly due to the extension of the railroad 
and tramway system during those years, and partly to the 
greater development of the regions through which the trains 
pass. The amount of goods per kilometer of lne was 920 tons 
in 1903; 1930 tons in 1913. The number of passengers per kil- 
ometer rose from 8500 to 18,600 in those years. 

The best comparison can be obtained when we take the 
average amount of traffic, which is the number of ton-kilome- 
ters, and passenger-kilometers, respectively, divided by the 
number of day-kilometers. Then we see that the average goods 
traffic rose from 200 in 1903, to 360 in 1913; that of passengers, 
from 480 to 1020. 

Traffic Returns—Financial Results. 

As we have already mentioned, and as the above data 
show, railroad and tramway traffic in Java is not dense; hence, 
the traffic returns cannot be very great; it is only due to com- 
paratively high tariffs that, on the whole, the financial results 
have developed favorably. 

In 1908, the gross receipts of the State railways in Java 
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did not exceed 18.68 guilders per day-kilometer ; for the private 
railway companies this was 42.72 guilders. In 1913, these re- 
ceipts were considerably more favourable, namely, 37.49 guild- 
ers for the State railways and 67.47 guilders for the other lines. 

For the different tram-lines, the receipts differ very much; 
the greatest returns per day-kilometer are made by the two city 
tram-lines of Batavia and Meester Cornelis, with 106.24 guild- 
ers and 43.49 guilders, respectively. 

Of the other tram-lines, those with a gauge of 0.60 meter 
give the lowest returns. This was expected, as that gauge had 
been adopted where there was very little traffic; the returns 
are less than 8 guilders per day-kilometer. 

Of the other tramways, the Babat-Djombang line has the 
smallest returns, namely, 8.81 guilders per day-kilometer in 
1913; the highest returns of that year were made by the Djok- 
jakarta-Willem I line, with 30.87 guilders, which is only 17% 
below the above-mentioned average of the State railways, or 
37.49 guilders per day-kilometer. 

The average returns of all the tramways per day-kilometer 
was 20.40 guilders in 1913. 

These returns are mostly due to the traffic of goods; this 
predominates especially on the railways. In 1913, the total 
receipts of the railways were 36,067,000 guilders; 20,842,000 
guilders, or 58%, being derived from goods traffic and 13,653,000 
guilders, or 38% from travelers; personal luggage being 
counted as goods. 

For the different tram-lines, in 1913,—again the two city 
lines excluded—the returns of passenger traffic were 5,573,000 
guilders; those of goods, 7,620,000 guilders. 

When we see how those returns are obtained, we find only 
few differences of any importance in the tariffs, as far as the 
final results are concerned. The returns per ton-kilometer for 
goods on the State railways were 4.5 cents* in 1913; for the 
private companies, they were 5.2 cents. The tram-lines show 
slight differences. 

The lowest returns are found on the Goendih-Soerabaja 
line and for the Madura Steam-tram, with 3.7 and 3.1 cents per 
ton-kilometer, respectively ; the highest, on the Solo-Bojolali and 


* Netherland Cent = 1/100 guilder = 0.4 American cent. 
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Djokjakarta-Magelang-Willem I lines, with 13.68 and 10.6 
eents per ton-kilometer. 

The average returns per ton-kilometer for all the tram- 
lines were 4.7 cents in 1913; for the railways and the tram- 
lines together, 4.6 cents. 

These figures prove that the goods tariffs must be rather 
high; though we should not forget that, owing to the long- 
drawn-out shape of the island, goods are generally transported 
over short distances only. The average distance is only 69 
kilometers, so the price paid per ton remains low. 

The above-mentioned large increase in traffic during the 
last few years probably shows that for the present situation 
the cost of goods traffic is not at variance with existing con- 
ditions. 

Passenger traffic, by tram as well as by train, shows little 
difference in the returns per unit; the average returns per pas- 
senger-kilometer on the railways being 1.2 cents; on the trams, 
1.1 cent—the two city trams again excluded. 

The highest returns per passenger-kilometer are found on 
the Solo-Bojolali line, with 1.41 cent; then follow the Djokja- 
karta-Willem I line and the Rambipoedji-Poeger line, with 1.3 
cent ; while the lowest are found on the line of the Pasoeroean 
Steam-tram Company, with 0.7 cent. 

The traffic can also show a great increase, though, in con- 
nection with the existing rate of wages, the passenger tariffs 
may be considered high. Here, also, traveling takes place over 
comparatively short distances; on an average, a passenger does 
not travel more than about 20 kilometers. It may be consid- 
ered necessary to lower the prices, especially for long distances, 
now that the tendency to travel longer stretches becomes more 
and more apparent. 

When finally we examine the financial returns on the eapi- 
tal invested in railroads and tram-lines in Java and Madura, 
they may be considered very favorable. Here, also, the later 
years, and the late increase in traffic, have contributed to attain 
those favourable results. 

At the end of 1908, the capital invested by the State 
amounted to 137,639,000 guilders; the cost of construction of 
private railroads and tram-lines amounted to a total of 91,926,- 
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000 guilders. The net balance of the working expenses for that 
year (1903) was, respectively, 4,822,000 guilders and 4,969,000 
guilders; that is, 3.5% and 5.4%. On the total sum, 4.3% was 
made. 

For 1913, the Mrereenie figures are 185,515,000 guild- 
ers and 119,866,000 guilders for the amounts invested, respect- 
ively, in State and private railroads and tramways. The net 
balance was 13,328,000 guilders and 10,151,000 guilders; that is, 
7.2% and 8.5%. So all the capital invested in railroads and 
tram-lines in Java and Madura gave an interest of 7.7% in 1913. 

These figures prove that the railroads and tram-lines are, 
on the whole, profitable enterprises; the largest private com- 
pany could pay a dividend of 17% in 1913. Only three com- 
panies, together possessing 131 kilometers of tram-lines, could 
pay nothing on their shares in that year. 


RAILROADS AND TRAMWAYS IN THE OTHER ISLANDS OF THE 
NETHERLAND EAST-INDIES. 


We mentioned at the beginning of this article that only 
Java possesses anything like a considerable number of rail- and 
tramways. In the other islands, only Sumatra has four rail- 
way systems, independent of each other; they are partly com- 
pleted and partly in construction. 

The oldest railway system in the famous tobacco district of 
Deli is due to private enterprise. At the end of 1913, it had 92 
kilometers of railroads and 170 kilometers of tramways with a 
gauge of 1.067 meters. 

Constructed to serve a flourishing branch of cultivation, 
the financial results are exceptionally favourable. In 1913, 
15% dividend could be paid to shareholders; the capital in- 
vested was 19,424,000 guilders; the net balance over the work- 
ing expenses was 1,923,000 guilders. 

On these lines, also, goods traffic predominates. Of the 
total returns of 3,442,000 guilders, only 1,285,000 guilders, or 
38%, was paid by the travelers. 

These financial results are (still more than is the case in 
Java) due not so much to the amount of traffic as to the excep- 
tionally high tariffs on the different lines. 
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Altogether, 3,163,000 passengers and 613,000 tons of goods 
were transported; amounting to 57,431,000 passenger-kilome- 
ters and 19,630,000 ton-kilometers. 

The returns for the railways were 10.3 cents per ton-kilo- 
meter and 2.2 cents per passenger-kilometer ; for the tramways, 
8.8, and 2.1 cents, respectively. 

The tramways in the district north of Deli, in Atjeh, pre- 
sent quite a different character. There, military considerations 
led to the construction, mainly along the coast, of a tram-line 
with a gauge of 0.75 meter, which, originally, was chiefly in- 
tended for the transportation of troops. When gradually more 
normal conditions arose in this district, the tram-lines also fur- 
thered the economical development. 

For some years, it has been attempted to connect the Atjeh 
line with the Deli railway; which connection, when completed, 
will be of great advantage to both the districts. 

The cost of constructing the Atjeh tramway, which re- 
mains under military control, amounted to 18,544,000 guilders 
at the end of 1913, or about 40,000 guilders per kilometer. 

Though the gauge is very narrow, it has not been possible 
to construct the lines at a lower cost; the extraordinary circum- 
stances under which the tram-line was laid down certainly 
account for this. 

Altogether, 2,637,000 passengers and 114,000 tons of goods 
were transported in 1913, with an average return of 1.1 cent 
per passenger-kilometer and 3.6 cents per ton-kilometer. The 
net balance over the working expenses was 114,000 guilders, in 
1913; that is, not quite 0.6% of the amount of the cost of con- 
struction. 

In the western part of the island of Sumatra, a system of 
district railways has been constructed by the State especially 
for the benefit of a colliery in the mountains, which mine is 
also worked by the State. 

As the central mountain range of Sumatra presents at that 
place a steep slope toward the sea, the construction of the rail- 
road met with great difficulties; a rack line had to be con- 
structed over long distances. The cost of construction was ex- 
ceptionally high; it amounted to 97,000 guilders per kilometer 
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at the end of 1913. At that time, the total length of the lines 
was 245 kilometers. 

In that year, 405,000 tons of goods and 2,701,000 passengers 
were transported along these lines; the returns per passenger- 
kilometer were 1.4 cents; per ton-kilometer, they were 2.3 cents. 
The net balance was 859,000 guilders on a cost of construction 
of 23,734,000 guilders; that is, 3.6%. This figure, however, does 
not exactly represent the financial situation, as the tariffs for 
the transport of coal from the State-owned mine along the 
State-owned railway do not even make good the cost. 

Finally, we mention the railways in South Sumatra. Only 
about ten kilometers are opened, 450 kilometers being under 
construction; yet the principles underlying those works are 
worth considering. 

Up to a short time ago, only such lines were considered fit 
for construction by the State as might yield adequate returns 
within a shorter or longer time, and where the indirect advan- 
tages also justified the necessary outlay in money. Indeed, the 
State railways and tramways in Java have, from the beginning, 
yielded not inconsiderable returns. The experience derived 
from other countries taught, however, that to further the right 
development of the colony, the construction of an adequate sys- 
tem of railroads should precede the cultivation of the land. A 
fertile soil, even when rich in minerals in various places, but 
without railroad communications, is not sufficient to induce the 
investment of capital. 

The example given by other colonies was followed in the 
Indies, in the first place, by the construction of railroads in 
South Sumatra. 

The necessary plans were made and a credit of 35 million 
guilders asked of the legislative power in the Motherland for 
the construction of 460 kilometers of railroads, to be completed 
within six years. The 35 million were granted without diffi- 
culty; the unanimity with which the plans were approved jus- 
tifies the expectation that in future large credits will be voted 
to extend the lines of the State railways, so that soon not only 
Java, but also the other islands of the Netherland East-Indies, 
may possess an extensive network of railroads and tram-lines. 
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RAILROAD LEGISLATION—CONCESSION CONDITIONS. 


Railroad legislation in the Netherland East-Indies differs 
little from that in most countries of Europe; the principles may 
be said to be the same. Without a too strong regulation, the 
duty of the railways to serve the public is sufficiently empha- 
sized to guarantee its interests. It should not be forgotten that 
important conflicts have not occurred, so far. There is a ten- 
deney to introduce further regulations on these points where 
such may prove necessary. In 1866, the first ‘‘railway act”’ 
was passed, followed in 1886 by the first ‘‘light-railway act”’. 
The tendency of the latter has been, by simplifying the regula- 
tions, to lighten the burden of such railways as work with in- 
considerable traffic and low speed. 

It is remarkable that private companies do not run rail- 
ways under the ‘‘light-railway act’’; it is only appled to some 
State-owned lines. 

The regulation of tramway traffic also presents a peculiar 
erowth. When the first concession was granted, it was thought 
that a tramway could be used only for unimportant traffic and 
for very short distances. So the maximum speed was fixed at 
15 kilometers per hour; the greatest length of a train of tram- 
ears at 40 meters. Gradually, however, the character of the 
tramways changed. Constructed over great distances, they 
more and more became part of the main traffic system, rather 
than being of local importance only. It soon became necessary 
to permit a heavier traffic along these tram-lines than the fixed 
maxima allowed. So we see those maxima gradually raised, 
which is followed by additional regulations for the prevention 
of accidents. 

In the end, we find a very considerable traffic for which 
a tramway regulation is made to suffice; which means that the 
public does not enjoy the guarantees for safety, ete., which they 
might expect. Therefore, a revision of the railroad legislation 
has been made, which has preserved the principle that speed 
forms the distinction between railways and tramways; the limit 
for tramways being fixed at 30 kilometers per hour. At the 
same time, the railways, as well as the tramways, are divided 
into primary and secondary lines; the limits of speed being 15 
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and 45 kilometers per hour, respectively, for the distinction of 
the tramways and of the railways. It is to be expected that, 
in this way, regulation will be more or less extensive in propor- 
tion to the amount of traffic and the resulting speed of trav- 
eling. 

Among the conditions stipulated in the different conces- 
sions for the private railway companies, we mention the fol- 
lowing: 

For one line only, the above-mentioned one from Semarang 
to the Vorstenlanden, has the State given financial support; 
this was done in the form of a guarantee for interest. None of 
the other concessions received such support. 

The principal regulations speak of stipulations made neces- 
sary by the geographical location of the lines, ete. In all regu- 
lations, the right to nationalize the railways is stipulated; the 
only exception being one tramway line for which a concession 
has been given for an unlimited time, whereas for all other lines 
it expires after a certain period. 

Several principles have been followed in the course of years 
for the fixing of the amount which was to compensate for the 
nationalizing of a railway. At first, the idea was to repay the 
commercial value, i. e., the amount was fixed at twenty-five 
times the average net balance of the last years. Later, con- 
cessions have been granted in which the nationalizing amount 
was fixed by deducting from the final amount of construction 
expenses a certain sum for depreciation of rolling stock. 

Of late, a method has been followed which lies between the 
other two, and in which the compensation for nationalizing 
approaches the final amount of construction expenses in pro- 
portion to the number of years which have still to elapse till the 
date at which the concession expires. 

As nationalizing a railway is, after all, the only way to put 
a final stop to undesirable conditions, the principle of fixing the 
amount of compensation is too important not to speak of it at 
some length. 

In conclusion, we give the following tables containing in- 
formation about the development of railroads and tram-lines in 
the Netherland East-Indies in the last decade. 
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Length of Railways and Tram-Lines Working at the End of the 
Year (in km). 

1903 1908 1913 
Railways sees 2,349 2,496 ue li 
WFQ WELY SG) cee -eeee-v a eee 1,990 2,651 2,744 
* 206 km, 1.485 m. gauge 
Bea Sere slater Gs | Ge 
ayer Ss AL ayf PO OU 
Gy EO, Ari, 9 PE 
83 oe 0.60 oe 6é¢ 
18 ‘* are operated electrically. 
Total of Construction Cost (in guilders). 
1903 1908 1913 
Raalwayee one scene eee 192,199,000 218,751,000 264,033,000 
UBTe BINGEN IE) coxcenewecteccstee 70,946,000 100,652,000 125,675,000 
Pers kanes rallwoay, eee 81,800 87,600 95,300 
DS SSS GLAIMIW AY) scsteeeesese 35,650 38,000 45,800 
Working Expenses (in guilders). 
1903 1908 1913 
TUN EAS? aseccceeaseos ices cece 18,914,000 26,152,000 40,779,000 
IL TAMAWAYS rscn se eeeees 6,141,000 10,614,000 16,396,000 
Railways, per day-km...... 22.10 28.86 40.31 
Tramways, per day-km.... 8.60 11.24 16.76 
Net Balance of Working Expenses. 
1903 1908 1913 
WRVeua Way weeese eee eee merece 8,151,000 12,223,000 19,628,000 
DMPATAW AY Sauce eee 2,836,000 5,185,000 8,213,000 
Railways, per day-km...... 9.52 13.49 19.40 
Tramways, per day-km.... 4.00 5.49 8.39 
Net Balance in Percent on Construction Cost. 
1903 1908 1913 
Railways) s.<.[..4.. cote eee eee 4.2 5.6 7A 
DPS WAVY Sxieescs cc ee 4.0 5.1 6.5 
SS UAbO-Ony me dL OSs eee 3.3 4.3 6.2* 
IRAE WE) (COVA ORAS re oy saeco Hoy woe 5.5 7.5 8.6* 
* For these figures, the results of 1912 had to be taken. 
Amount of Traffic. 
1903 1908 1913 
Goodsiston-kimies sens 326,911,000 425,770,000 675,509,000 
airaveleng) kimiees sc, 5. eee 767,553,000 1,158,024,000 1,939,533,000 
Number of tons of goods 4,087,000 6,605,000 9,826,000 
Number of travelers ...... 42,538,000 63,392,000 106,131,000 
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Distance Covered. 


1903 1908 1913 

Number of engine-km.... 21,708,000 27,240,000 35,705,000 
«© 6 train-km |... 18,752,000 22,642,000 28,294,000 
6¢  €6 axle-km ...... 354,955,000 533,350,000 786,453,000 


Rolling Stock. 


1903 1908 1912 

INTIME DMO LMLOCOMOLIYES <-2-5..22e:-2--acanceeens 832 970 1,134 
se ‘« earriages and luggage-vans 1,604 2,157 2,846 
SRO ce Ra Se ia owath bie 9,536 12,196 19,015 
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ECONOMIC CONSIDERATIONS CONTROLLING AND 
GOVERNING THE BUILDING OF NEW LINES. 


By 


JOHN F. STEVENS, M. Am. Soe. C. E. 
New York, N. Y., U. S. A. 


The subject of this paper is one to which a very general, 
or a much detailed interpretation may be given. Broadly speak- 
ing, and adapting somewhat from Webster, it signifies the cor- 
rect and frugal management of resources, or capabilities of pro- 
ducing wealth, the proper manner to handle ways and means, 
so that the desired end may be best and most economically 
achieved. 

Certain principles can, be set down, which are not original, 
but which have been recognized as axiomatic: 

That with due regard for true economy, only minimum 
capital should be expended that will produce the desired 
results. 

No increase in such minimum is justifiable, unless it can 
be clearly shown that it will increase net profits. 

No outside investment is justifiable, unless it is reasonably 
apparent that it will increase net profits, and not then, if it 
will take from the funds provided, sums which are needed for 
the proper construction of the road itself. 

The conditions under which many of the present railway 
systems of the United States have grown up, were very different 
from those which prevailed in any other civilized country in 
the world, and those conditions, excepting to a very minor 
extent, exist no longer with us. In the older countries, the 
centers of trade and population became well defined, beyond 
any probability of change, before steam, as a tractive power, 
became a factor in the situation. With these centers definitely 
fixed, and with the character and amount of the traffic between 
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them a known quantity, subject only to small fluctuations, the 
matter of designing and building the proper tool to handle it 
became a comparatively simple task. 

The problem presented to our predecessors was from its 
nature much more complicated. An immense territory hardly 
known, as far as its detailed physical features or material re- 
sources were concerned, embracing every variety of climate 
and topography known to the temperate zones, became with 
wonderful rapidity the homes of millions of people, drawn not 
only from our own sparsely settled seaboard states, but from 
almost every country in the world: A mixed population of 
different races, habits and capacities, all seeking a permanent 
abiding place, and room for the energies of themselves and 
their descendants for all time to come. There was little time 
for study and analysis to enable an accurate forecast of the 
future to be made, as the demand became and continued abso- 
lutely insistent for swift exchange of people and products, not 
only between interior points, but between such points and the 
seaboard. And with a faith—we can eall it nothing less— 
which was almost sublime, our fathers planned and built new, 
and extensions of existing lines far into and across lands where 
no paying traffic was assured, and which were inhabited almost 
exclusively by savages and wild animals; and unconsciously, 
these men erected for themselves as noble a monument as ever 
commemorated human achievement. 

It is undeniably true that were the theoretical problem 
presented to us today, of planning a system to handie the 
present traffic of this country, with the conditions as they now 
exist, the result, while resembling in its general features the 
railway map of the present time, would differ materially from 
it in many details; but no engineer or operator of our period, 
with all his advantages of technical training, of precedent 
and example, has any justification for adversely criticising his 
predecessors, when in their day, not only the financial means, 
but the very tools and men to work them, had to be evolved 
largely through their own unassisted efforts. 

A railway is simply a machine for the conducting of trans- 
portation, and the laws which should govern its planning and 
building are the same as those governing the planning ‘and 


202 ECONOMIC CONSIDERATIONS IN BUILDING NEW LINES 


building of any machine, and such laws, properly administered, 
will ereate one fitted to do its work the most efficiently at the 
least cost in fixed charges and operation. And as the engineer 
is largely the man to whom is entrusted this duty of ‘‘making 
a dollar earn the most interest,’’ it follows that there are cer- 
tain definite essentials in each individual case, which he must 
carefully consider if his labors are to be crowned with success. 
The amount and nature of the prospective traffic, its character 
as regards rates, length of haul, cost of handling, as affected 
by speed, liability to claims for damages—its density, whether 
constant or fluctuating, balanced or badly unbalanced, whether 
wholly local or partly local and partly through, are all factors 
which must be carefully studied out, to enable an intelligent 
forecast of probable results to be made. 

Railway lines are planned and built to handle traffic, and 
the general principles upon which they should be planned are 
the same whether they are to develop new territory, that is, 
territory not already served by existing lines, or whether they 
are to share in a traffic already built up, in other words, to 
become competitors to divide with other lines a commerce that 
may or may not be certain of future growth. 

It is apparent to students of transportation in the United 
States, that the creating of large systems, by actual construc- 
tion, is past, and that while it is obvious that many miles of 
railway lunes yet remain to be constructed, such mileage will 
be made up largely of branch roads, built to round out, to pro- 
vide feeders for, and to protect existing systems; that the 
necessity for new main lines, excepting in a few isolated and 
unique sections, is not at present manifest. 

The study of the conditions leading up to the contempla- 
tion of all such new lines, involves the same general problems, 
such as whether or not the line should be built at all, and if so, 
then where and of what character and cost. Railways are built 
to make money for their owners, and not as a rule from motives 
of philanthropy. Such then, being the case, the consideration 
of balancing the safe probable income (gross earnings) against 
the probable outgo (fixed charges, taxes and operation) be- 
comes the all important one, and the study of this considera- 
tion presents a separate, distinct problem in each individual ease. 
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When an established, successful system contemplates the 
building of a branch line requiring the providing of additional 
capital, it usually guarantees the bonds of such line, which 
renders the necessary financing an easy matter. The question 
of the earning power of such new line differs materially from 
that of a separate, independent proposed line; as, while the 
latter must depend upon its own strength to become a paying 
proposition, and while the former might in itself prove a losing 
investment, the long haul traffic it would give to the system, as 
a whole, would prove the wisdom of its creation. There is 
hardly a railway system in the United States, especially in the 
West, that does not afford examples of the truth of this state- 
ment. Many of the branch lines of such systems were added 
to them by purchase, and while the yearly financial balance 
of such branches, as the accounts are kept, may show on the 
wrong side, still, every official knows that the strength and 
support they give to the main lines, far outweigh any apparent 
loss, which they themselves may indicate. 

It may be set down as a rule: that in order to secure capi- 
tal for the building of a new independent line, the probable 
results to be expected must show at least ability to earn oper- 
ating expenses, taxes, fixed charges, and a sum over and above 
at least twice these amounts, to be applicable to sinking fund 
and dividends. Such requirement may seem to be unduly 
onerous to the eager promoter, but it is an economic financial 
consideration, and if it cannot be closely approximated, then 
the enterprise had better be dropped, and the energies devoted 
to it turned in other directions. And this phase of the problem 
brings sharply to the front the conservative care with which 
the data should be collected, analyzed, classified and summar- 
ized, that are to be used to interest capitalists to finance the 
proposition to a certain assumed amount, for the time being. 
Under such a program the approximate cost per mile, or total 
cost of the new line, as well as its operating expenses, must 
also be assumed, in which assumption the engineer and oper- 
ating man must co-ordinate; but when the probable financial 
results can be reasonably predicated, then the real work of the 
engineer will begin. 

The consideration of the probable safe financial results, 
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which must control the building of a new line, is one to which 
is rarely given the amount of study which the conditions de- 
mand. The path of railway planning and building in the past, 
in the United States, is strewn with the wrecks of the hopes 
and fortunes of promoters and capitalists who have been lured 
to disaster by overheated imaginations and unwarranted 
assumptions in the shape of apparent traffic certainties, which, 
in most cases, a cold, careful, logical analysis made by com- 
petent, conscientious, experienced traffic men would have been 
clearly shown to be impossibilities. None but such men should 
be entrusted with the securing and preparing of such data, 
and no factor, great or small, which might affect this result, 
should be overlooked. What may be termed a house to house 
canvass covering all of the entire territory, which the new line 
ean reasonably be expected to serve, should be made. Markets, 
connections with other lines, divisions of rates, probable com- 
petition, are most important factors to be carefully studied. 
The character of the country which the new line will traverse, 
and its probabilities as to future growth, based not only on its 
apparent resources, but on the results which experience shows 
have been obtained in similar sections and under similar con- 
ditions, should be thoroughly investigated. 

It is a well known truism that traffic, like water, will al- 
ways follow along the lines of least resistance, and while tem- 
porarily it may seem to contradict this rule, in the end the old 
natural law of the survival of the fittest will prevail; and it 
is dangerous to assume, on account of financial or other re- 
strictions, that if the new line cannot be made as good a trans- 
portation tool as its competitor, it will get any substantial part 
of the business. This is not a true assumption, for the handi- 
cap which will drive the major part of the traffic away from 
the new line, will drive much of the minor part away also. 

Other considerations from those noted above have gov- 
erned the building of some lines, such as roads promoted by 
communities or sections, in order to relieve monopoly so-called, 
either real or imagined. These attempts have generally proved 
disastrous for the promoters and financiers who were responsi- 
ble for them, and resulted in no lasting benefits to the public 
at large. Planned and built by parties having no practical 
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experience in the essential economics underlying the railway 
business, they have generally fallen into the ownership of the 
stronger lines, with the result that upon the public, in the end, 
was thrown the burden of additional carrying and operating 
charges, without any relief in rates and little improvement in 
character of service. 

Under our present regulation of railways by National and 
State laws, it is probable that such attempts at railway expan- 
sion will be infrequent in the future, as such regulations would 
seem to render them unnecessary, and it is = safe assumption 
that hereafter, new lines will only be built where economic 
conditions fully justify their construction. Neither will such 
lines be built in order to provide means for employing idle 
capital. The present outlook and the situation in which the 
railways have been placed during the past few years, offer 
little encouragement to expect that capital will seek an outlet 
for its energies along the lines of new railway promotion. 
Safety first, and the much more attractive openings for idle 
funds, will divert them to a great extent, into channels where 
more reliable returns can be expected, and where legitimate 
enterprises are not hampered and throttled down by the 
vagaries of political law makers. 

There are other factors, which may be called politic rather 
than economic, but which, if wrongly handled will most surely 
affect the general result. The importance of creating and main- 
taining cordial relations with the communities whose friendship 
and support are so essential to success, should be clearly recog- 
nized, and such relations should be established and maintained. 

In the matter of financing, the soliciting or accepting 
of local aid, as a rule, is of more than doubtful benefit, such 
aid, excepting possibly the fixing of reasonable prices for real 
estate, in the aggregate is ordinarily a negligible quantity. And 
too, the acceptance of such aid is usually construed by the 
public as imposing obligations on the railway company that 
are likely to cause embarrassment in the future. 

The printing and distributing of vast amounts of stock 
among promoters, should not be encouraged. Such stock is of 
doubtful value until a good earning power of the road has been 
demonstrated, and its issuance, excepting in very limited quan- 
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tities, is certain to become a handicap in dealing with hard- 
headed financiers. 

Such, in a general and preliminary way, appear to the 
writer to be leading economic considerations, to which the most 
eareful thought and study should be given in working out any 
new proposition to build new, or to extend our present lines of 
railway transportation. Not only must present conditions— 
agricultural, commercial, financial and legal—be carefully 
weighed, but past experience must be consulted, if even a fairly 
accurate forecast of the future can be expected. As little as 
possible should be taken for granted, and a liberal discount 
should be made upon all factors, which, from their nature and 
uncertainty, cannot be proven beyond a reasonable doubt. 
‘‘Hope springs eternal in the human breast,’’ but hope is a very 
insecure foundation upon which to erect a railway structure 
which will stand the storms of hard experience and sharp com- 
petition. Once, however, all the necessary data have been col- 
lected, carefully sifted and summarized, and the decision has 
been reached that the building of the line is a necessity, that 
it can be fully justified, and that the proper financial support 
ean be found, then there enter into the proposition certain 
problems, which, while they are largely physical, are yet of 
great importance; and the manner in which they are handled, 
in connection with the purely economic questions, may make or 
mar the enterprise. 

These problems cover the actual planning and contructing 
of the physical road itself, in giving it a constitution and mem- 
bers suited to its needs, in short, to make it the kind of tool 
best adapted to the work it is to do, and it is these problems 
that it is peculiarly the province of the engineer to solve. The 
nature and amount of the expected traffic, as well as the country 
to be traversed, are the controlling factors, the proper appre- 
ciation of which must determine the physical characteristics of 
the proposed line. The engineer must approach the subject 
with an open mind, ready to receive, weigh, accept or reject 
every possibility which may be suggested, and to remember that 
no supposed natural gifts, or flights of the imagination will 
take the place of a cool, careful analysis of all the conditions as 
they are presented. 
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The growing recognition of the fundamental truth that the 
planning and building of a railway is an exact science, and not 
a rule of thumb matter, will be of inconceivable benefit, not 
only to the railways of the future, but it will also tend to ele- 
vate the professional status of the true railway engineer to a 
plane which, in many cases, his right to occupy has not been 
generally understood and admitted. The economics involved 
in the building of a new line, should only be entrusted to a man 
who is not only a good technical engineer, in the broadest sense 
of the word, but he should also have a practical knowledge of 
the intricacies of handling transportation, the best and most 
economical methods of maintaining railway properties, and also, 
in a general way at least, the effect which the working out of 
the details of his problem will have on attracting traffic to 
the line or repelling it. A coordination of the various kinds of 
knowledge embraced in the above, in the hands of a man 
possessed of judgment and discrimination, should fit him to 
become what the writer has termed a true engineer. He should 
be furnished, not only with the general factors which made up 
the decision that the line should be built, but he should also 
be conversant with the details. This is especially true where 
the road will naturally enjoy a good local business, instead of 
being a bridge built mainly to haul traffic from a producing 
to a consuming point, across long stretches of unproductive 
territory. With a line of the former character, there is hardly 
a mile of its entire length where its character and cost of con- 
struction may not be affected by its prospective local business. 

The probable proportion as between passenger and freight 
earnings, as well as the character of each class and their rela- 
tive importance, are factors to which careful attention must be 
given. Ordinarily, in terms of both earnings and expenses, the 
freight will largely predominate, but too much prominence 
should not be given to that feature, as the comfort of passengers 
must be provided for, and while a road with easy grades and 
comparatively heavy curves may economically handle heavy 
freight, it must be remembered that human beings will com- 
plain—and justly—while dead freight will not, if hurled at 
high speeds over such a road. The mixture of passenger and 
freight traffic is a handicap, which prevents the engineer from 
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working out a perfect machine, but he must adjust his plans 
to meet the conditions, and not sacrifice the interests of either 
class entirely to the other. 

Unless, however, the road is to be built to compete for 
highly remunerative passenger traffic, the one fact alone, that 
usually from 65 to 80% of the earnings come from freight, 
should emphasize the importance of securing the lightest grade 
the country will reasonably admit of, even at the expense of 
the introduction of somewhat heavier curvature than high- 
speed passenger service will demand. Concrete instances could 
be given where failure to appreciate the importance of this 
consideration, has resulted in serious detriment to the future 
value of railway properties. 

A careful study, commonly called reconnaissance, of all 
the territory to be covered by the new hne—a study which will 
give the engineer a correct mental picture of it in all its physi- 
eal features, geographical and topographical—is a very im- 
portant, economical necessity. As a rule, no instrumental sur- 
veys (other than individual, by aneroids, ete.) should be at- 
tempted, until such a picture is fully complete in the mind. 
More mistakes in the essentials of location have been made, 
and more miles of poorly located lhne have resulted from the 
assumption of arbitrary rates of grades and curvature, and 
attempts to fit such standards to an unknown topography, than 
from any other cause. Find the theory to fit the facts and work 
it out, not the facts to fit the theory. 

In other words, true economics demand that the engineer 
shall, when all data as to traffie and details of country are 
known to him, then evolve a line of such character that will 
come nearest to meeting all conditions, instead of trying to 
force a preconceived line of certain character on the country 
to handle its traffic. Once he has solved the general features 
of the problem, the rest are matters of detail, and with the 
application of the same recommended principles, he cannot go 
far wrong. 

He must remember that in the operation of the road, its 
financial status is, in the last analysis, like that of the individual 
—dependent entirely upon its income and its outgo; and these 
terms mean, in the case of the former (as far as freight is con- 
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cerned), ton miles (income) and train miles (outgo), and his 
problem is to build a road that can handle the greatest num- 
ber of ton miles, with the least number of train miles. That 
is all there is to the proposition. And it does not necessarily 
follow, that the lightest possible grade he can force through the 
country is necessarily the most economical one. An unnaturally 
hight grade, may, and in many eases will, involve such length of 
line and such enormous cost of construction (necessitating not 
only abnormal fixed charges, but cost of maintenance, all of 
which will be reflected in heavy train mile expenses) that it will 
be found that a heavier grade, by reason of its shorter line, less 
expensive construction and better alignment, will prove, with 
proper adaption of power, to produce the more economical 
results. 

Again, like the individual, it is not so much what the road 
can earn gross, as to what it can save—its net. The writer is 
not attempting to argue as opposed to light grades. Light or 
heavy grades are comparative terms, and it is the grade over 
which the business can be the most cheaply and efficiently con- 
ducted that should be adopted, regardless of its percentage. 
The introduction during the last few years, of a certain class 
of locomotive, whereby enormous tractive power is obtained, 
without materially increasing strains on track or bridges, has 
introduced a different factor into, and to a great extent, has 
simplified the problem of gradients, especially on heavy moun- 
tain lines. In other words, where formerly restrictions in 
tractive power were necessary, to make wheel loads conform to 
strength of track and bridges, it is now possible to practically 
double the tractive force, and consequently, the gross load per 
train, without additional distress to permanent way. And in 
this manner, the effect of lightening or levelling up of grade 
lines, can be made practicable with marked decrease in train 
miles, and with a negligible increase in operating expenses and 
fixed charges. Of course, such a policy cannot be pursued in 
the majority of cases, but it can be in many, and it is a valuable 
point in railway economics for consideration. 

Another economy, to which the attention it merits is seldom 
given, is the consideration of so-called ‘‘ pusher erades’’. Time 
and space here will not permit of a technical analysis of this 
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important subject. It is a fact that the prevalence of opinion 
among railway operating men is against the use of such grades, 
and for which opinion no special reason can be given. Again, 
the question comes squarely back to cardinal principles: fixed 
charges and train miles. In many cases, where long stretches 
of non-revenue producing mileage would be forced to maintain 
a continuous light grade line, with abnormal expense in con- 
struction and maintenance involved, a thorough study of the 
value of pusher grades would surprise some engineers, who have 
been prone to give them no consideration. 

The matter of maximum rate of grade being decided, then 
its distribution becomes a problem of importance. Economical 
movement of trains demands that they shall be moved, not only 
with as large a tonnage as time will permit, but that they shall 
be moved solidly for the greatest distance practicable, both to 
avoid loss of time and cost of intermediate switching. Thus, if 
the proposed line is to be more than the economical length of 
one engine run, then the grades of each separate operating run 
must be worked out as an individual problem. And wherever 
any difference in rates of maximum grades may exist between 
different runs, it should be eliminated by adaptations of different 
classes of power, so that a continuous, unbroken movement of 
a uniform tonnage train can be made over the entire road. 

When we reflect that the average daily movement of a 
freight car is less than one-fourth of the daily mileage that the 
railways are paying train and engine crews for, it becomes very 
apparent that the fewer inducements that are given for holding 
up and switching a train, the better will be the operating re- 
sults. The comments which an old President made when he 
refused to approve a request for funds to build an additional 
yard, that ‘“‘he would appropriate money to take up some of 
the existing yards to see if he couldn’t get cars moving’’, 
contained a very large germ of wisdom. 

The economic adjustment of grades, in cases where the 
traffic is unbalanced, presents a complicated problem. Many 
times, however, this question is simplified by the nature of 
the country, as in case of roads built to handle the products of 
mines, which are often situated in high altitudes. In such cases, 
the problem is usually solved by the topography of the country, 
and the necessary limitations in capital expenditure. No set 
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rules can be made to govern each case, but here is where the 
operating experience of the engineer, combined with his knowl- 
edge of construction and operation costs will, as a rule, produce 
the best results. 

The whole question, economically considered, of the ad- 
justment of grades and curvature, is one which no general rules 
can be absolutely made to cover. It goes without argument, 
that the lightest curves that can be consistently used, should 
be, whether the line is to handle fast passenger or slow freight 
service, or a mixture of both. There is no doubt but that the 
dangers of operation are materially increased by the intro- 
duction of a large amount of curvature, although it must be 
admitted that many of our most disastrous collisions have 
occurred on long tangents, in broad daylight. This, however, 
is where the human element asserts itself, and all we can do is 
to eliminate as many of the recognized sources of danger as 
is possible. 

The effects of curve resistance, not only in the absorption 
of power, but in the increased cost of maintenance of track and 
rolling stock, are too well appreciated to need discussion here. 
The compensation for curvature, if properly applied, will 
largely eliminate the first handicap, although, as it is some- 
times applied, without due consideration as to location of curve, 
speed and length of train, it is not of the full value that it should 
be. Practically each curve presents a problem which should 
be worked out on its own individual merits. 

The consideration as to what extent so-called ‘‘permanent 
work’’ should enter into the construction of the line, as an 
economic measure, is one that must be governed largely by 
circumstances. There are times and occasions when the build- 
ing of masonry structures, steel bridges, expensive stations, 
ete., cannot be considered. The comparatively cheap cost of 
timber in some localities, and the absence of definite knowledge 
as to required capacity of waterways, fully justify its use in 
many instances. It is true that a railway is usually richer 
during its period of construction, when it is working on bor- 
rowed money, than it is ever afterward, and this dangerous 
knowledge has lured many an engineer into heavy expendi- 
tures, which might have been postponed for years, with large 
resulting economy. In the construction of almost every new 
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line there are instances where the expenditure of large sums 
can be deferred for long periods, or until the road has, by con- 
stantly increasing earnings, fully justified such expenditures. 
‘Temporary gradients, sharp curves, etc., can often be used 
until the traffic and importance of the line have fully demon- 
strated the necessity for the permanent work. And under 
these conditions, the financing can usually be done, without 
the heavy addition to capital charge, which the work, if done 
originally, would have entailed. 

The whole matter, however, is one requiring careful con- 
sideration, always remembering that the cost of supervision, 
engineering, law, right-of-way, rails, ties, ballast, buildings, 
signals, water service, and to a great extent, of bridges, is 
practically the same per average mile, whether the grading is 
heavy or light: in other words, light grades and easy curves 
involve what may be called the digging of a little more dirt. 
And by proportioning the cost of the above mentioned items to 
the total cost, the force of the suggestion may be seen. 

But the economic consideration, which, it would seem from 
results, usually receives little attention, but which, with- 
out doubt, deserves very much, is the providing for proper 
terminals of a capacity not only sufficient for the present, but 
susceptible of enlargements for future requirements. It is a 
safe assertion that no other one cause, from a physical stand- 
point, contributes more to the high cost of operation, or is a 
greater handicap in giving good service, than the poor termi- 
nals of most of our railroads. It is frequently asserted, with 
much truth, that in many of our large cities, the cost of hand- 
ling a car, or a ton of freight, from the time it arrives in the 
break-up yard to the consignee, and back again from the ship- 
per to the same point, is as much as it costs to haul it 200 to 
300 miles out on the open road. And right here the writer 
wants to emphasize that if it becomes necessary to economize 
(as the word is commonly used), do it out on the line but not 
at stations, and especially not at terminals proper, particularly 
in the amount—in area—of real estate secured. And these 
terminals should be located as near the center of commercial 
and manufacturing activity as possible, especially if traffic com- 
petition exists, or is liable to exist, as is generally the case. 

Give the road between terminals a good constitution, in the 
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shape of a proper location, with proper grades, and it will stand 
a lot of adversity and come out all right, but handicap it with 
small, improperly located and badly planned terminals, and it 
is useless to expect either first-class service or satisfactory returns. 
The line of argument adopted by the projectors of many new 
lines, in building into or through an old town, where keen com- 
petition from roads long established must be expected, is that they 
cannot afford to pay the high prices for real estate demanded for 
land near where the business exists. So they will stay out in the 
edge of the town and get a part of it, forgetting that the reason 
which induces four-fifths of the business to seek the nearest. 
station, will induce about all of the remaining one-fifth to do 
the same. And a road that will cheerfully spend from forty 
to eighty thousand dollars a mile on its main line construction, 
will refuse to spend the equivalent of the cost of three or four 
miles of such line to obtain proper stations and terminals near 
the center of towns fifteen to thirty miles apart, whose trans- 
portation business amounts to a million or more dollars each, 
per year. No question is more insistent today, and no matter 
what laws and regulations are forced upon the railways, or 
what rates they may be permitted to establish, they must— 
new and old—provide themselves with proper terminals, before 
they can expect good operating results and proper financial 
returns. 

The field of railway promotion and building is still open, 
and the writer believes it will widen and become again attrac- 
tive when the financial situation becomes normal, and when 
the general public understands and admits the community of 
interest which exists between it and the railways. The field is 
a legitimate one, but it must be cultivated on strict business 
principles, a few of which the writer has endeavored to point 
out. 


DISCUSSION 
Mr. F. Lavis,* M. Am. Soc. C. E. (by letter) said that at an Inter- 
national Congress held to celebrate the completion of a most important 
link in the transportation routes of the world, one which it is hoped 
will draw the countries of North and South America closer together, it 
seems not inappropriate to discuss the difference in the habits of mind 
and thought of American and European engineers; and this especially 
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in view of the fact that they will both probably play important parts 
in the development of the South American continent by railways, a work 
which is destined to receive a great impetus in the not far distant future. 

Mr. Stevens has pointed out the inherent difference in the trans- 
portation development of the two continents, Europe and America; in the 
former the railways have been built to link together existing developed 
centres of population with established commerce, in America they have 
been pushed forward into the wilderness ahead of civilization. The Euro- 
pean has, therefore, developed almost wholly along purely technical engi- 
neering lines to produce a structure or a machine to meet conditions and 
to connect points fixed within fairly definite limits; the American has had 
to develop a sense of vision of the future. Both have achieved wonderful 
success in their respective fields; there have been of course some failures, 
possibly more in this country, owing to the conditions, but it must be 
admitted that these conditions have developed in North America an appre- 
ciation of the true science of the economics of location and construction 
which is often only dimly sensed elsewhere. 

Mr. Stevens’ paper is instructive, if for no other reason than that 
after a lifetime spent in the development of transportation routes and 
in the construction of railways he instinctively devotes nearly half his 
space to a discussion of questions of finance—will it pay? There is, and 
rightly so, as it is a mere detail in view of the higher considerations, 
little said about the detail of surveys or construction, but certain prin- 
ciples, which he alludes to, some of which are not as well recognized as 
they should be, deserve emphasis and are as follows: 


(1) The necessity of studying the country and then determining the 
type of line which is the best compromise between topography and traffic 
rather than hunting for country to fit a previously conceived type. 

(2) The flexibility and adaptability of modern power, and the pos- 
sibilities of its use; and in this connection there might be added in some 
very few cases the possibilities of electric traction. This latter seldom 
comes into the field of view in the consideration of new lines, but the 
writer happens to know of one particular instance of some importance 
where it has, and of course its future possibilities are not known. 

(3) The general principles governing the relations of grades and 
curvature to the type of traffic and the fact that earthwork costs are a 
comparatively small proportion of the total cost of the line, the latter a 
point too often ignored or forgotten. 


(4) The need of providing adequate areas for terminals and station 


grounds, 


One further point may be made, and that is the growing appreciation 
of the fact that the negative values of curvature, rise and fall, distance 
and the operating value of different rates of gradient vary with the kind 
and character of the traffic. Sharp curvature is more costly in the case 
of a fast passenger train which has to slow down for it than for a long, 
heavy freight train; additional distance may or may not be an added 
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element of cost, etc. The tendency is now toward dividing the traffic into 
classes, and for many items to attempt to fix a value per ton mile rather 
than per train mile. 

It seems almost ridiculous at this late day to allude to the necessity 
of careful surveys once the general route has been decided on. In this 
the Europeans have been more generally consistent and careful than we 
have, and even today, although Mr. Stevens assumes as of course that 
such will follow, it is too often true that they do not; and even at this 


late date many of those who pay for construction fail to recognize the 


truth of Wellington’s statement that it is ‘‘cheaper to move dirt with a 
transit than with a steam shovel.’’ 


Layis. 


Paper No. 79 


THE LOCATING OF A NEW LINE. 


By 


WILLIAM HOOD, M. Am. Soe. C. E. 
Chief Engineer, Southern Pacifie Co. 
San Francisco, Calif., U. S. A. 


Following the decision to build a new line of railroad, the 
terminal points of which are defined, is the actual work of 
suitably locating the railroad. 

Suitably locating the railroad is designing its grade system 
and its center line in such a manner as to produce the most 
satisfactory investment for the owners. 

The most satisfactory investment for the owners, if of 
possible correct determination, might result in a materially 
different railroad, as first constructed, for instance, for owners 
not possessing a railroad of which the proposed new railroad 
is to become an extension or a branch, than for owners possessing 
a prosperous railroad of which the proposed new railroad is 
to become an extension or a branch, for the reason that a 
new railroad that is not an extension or branch of an existing 
railroad cannot endure so long a period of annual operating 
expenses and annual interest on the investment, together 
amounting to a sum in excess of its gross receipts, as can be 
endured by a new railroad which is an extension or branch of 
a prosperous railroad, to which it also contributes new traffic. 

Tor instance, with compound interest at four percent an- 
nual rate, and net revenue when operation begins equal to 46% 
of annual interest on the investment, and net revenue at the 
end of five years equal to annual interest on the investment, 
and net revenue thereafter increasing at the rate of 20% per 
year, it will require more than eight years from the date of 
commencement of operation of the road for recovering the 
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losses of the first five years, and the increase in business may 
not be so favorable as assumed. 

Evidently the question of whether to build a railroad in 
reference to the expected traffic of the very near future or of 
a more distant future is of the first importance to the investors, 
and should be decided on by them as affecting the character 
and cost of the railroad which they desire to have located or 
designed. 

Some important portions of the investment can be regu- 
lated in amount by the character of the buildings, structures, 
track, ballast, ete. The necessary amounts of grading, tunnel- 
ing, sundry forms of masonry, and structures, are controlled by 
the location, as well as the future operating expenses of the 
railroad so far as they are affected by the curvatures, grade 
systems, and length of railroad. 

The most important matter is the determination of the 
erade systems, which if reasonably practicable should be of 
such ruling grade rates that they will not require change with 
any future increased traffic, that is, they should be the best 
practicable in reference to topographical conditions. Although 
this is not always possible with financial conditions under which 
the road is built, it is frequently possible and advantageous. 
In such eases, reduction in first cost can generally be made by 
the use at occasional points of sharp curvature to avoid tun- 
nels and to avoid or lessen grading work of unusual magnitude 
and cost. 

A railroad so built with proper grade system wili have 
hauled over it from the commencement of its operation, as 
heavy loads, of the sundry classes of locomotives, as will ever 
be possible, with the relatively minor objections, to the tem- 
porarily used sharp curvature, of the cost of resulting wear, 
and of operating over the extra distance, and possibly, the 
necessity for reduced speed for short distances. 

The future rebuilding of such a railroad, when warranted 
by traffic increase, will consist of occasional short reconstruc- 
tions, instead of the abandonment of considerable leneths of 
railroad. 

The grade system of a valley railroad or of one through 
an undulating country which has no great differences in eleva- 
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tion—if it is the most suitable grade system attainable—can, 
if necessary, be. broken in the interest of cheapening the first 
cost of construction by the introduction of the well known 
expedient of velocity grades for use during the first years of 
operation, these velocity grades advisably having a maximum 
rate which is not in excess of the grade rate up which a fully 
loaded freight train can double, with half its load. 

These grades sometimes result in extreme unpopularity of 
the road amongst its passengers, unless the road is maintained 
in improbable excellence. 

In cases where a valley country grade meets the steeper 
grades required for surmounting a mountain range, the ques- 
tion of the advisable steeper grade becomes important as 
affecting cost of construction and cost of operation; and with 
suitable advance consideration of the matter, it sometimes 
occurs that the most desirable grade system will cost little or 
no more to build than a less desirable grade system which 
might be decided upon without due consideration. 

It is sometimes the case that the use of the same class of 
locomotives on the valley road and on the mountain road is 
advisable, especially where the mountain grade is not necessarily 
of more than ordinary steepness, thereby reducing the number 
of classes of locomotives to be provided. 

For instance, if the valley grade is four-tenths of one per- 
cent, and the freight trains are adjusted to be hauled on long 
distances of this grade at twelve and one-half miles per hour 
by one Consolidation engine with fifty-seven inch driving 
wheels, thirty inch stroke and twenty-two inch cylinder 
diameter, and two hundred pounds steam pressure in the boiler, 
two of these engines will haul the same train at the same speed 
up a continuous grade of about ninety-six one-hundredths per- 
cent, or at a slightly reduced speed up a continuous grade of 
one percent. 

It would apparently be an unnecessary investment to 
expend considerable additional money to construct the road 
with a grade rate of less than one percent, especially in view 
of the fact that if in place of the two Consolidation engines on 
the one percent grade it ultimately became expedient to use, 
for instance, one Mallet Compound engine with fifty-seven inch 
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driving wheels and thirty-inch stroke, with cylinders of twenty- 
six inches and of forty inches diameter and with two hundred 
pounds steam pressure in the boiler, which would haul the same 
train up the one percent grade at a speed of about fifteen and 
three-tenths miles per hour, which increased speed might be 
considered expedient or could be reduced by some extra ton- 
nage of delayed freight, etc., when desirable. 

In a question of this sort as to desirable grade rates, the 
passenger trains need not be considered as controlling, but the 
effect of different grade rates may be illustrated by the follow- 
ing instance. 

A passenger train of four hundred and fifty tons, exclusive 
of engine and tender, would surmount a continuous four-tenths 
percent grade at about thirty-five and eight-tenths miles per 
hour if hauled by one engine with seventy-seven inch diameter 
driving wheels, with twenty-eight inch stroke and twenty-two 
inch diameter of cylinders, with two hundred pounds steam 
pressure in the boiler, and the same one engine and train will 
surmount a continuous up grade of one percent at a speed of 
twenty-five and six-tenths miles per hour. If it should be de- 
sirable to put two engines of the same class on the same pas- 
senger train, they would surmount the continuous up grade 
at about thirty-five and seven-tenths miles per hour. 

Instances can be multiplied as to varying grade rates, but 
the one already given sufficiently illustrates the advisability of 
consideration of the most desirable grade, and its adoption un- 
less prevented by adequate reasons pertaining to the invest- 
ment. 

If a very steep grade will enable a mountain range to be 
surmounted with a radically smaller construction investment 
than is required for a more desirable grade, it is sometimes 
justifiable to so build, with the plan of thereafter, at a suitable 
time, abandoning the steep grade after the construction of a 
better grade system, when warranted by the traffic volume. 

In this case it is desirable to know in advance of any con- 
struction work as to the position of the foot of each grade sys- 
tem, with a view of so locating the approach valley line as to 
require the future abandonment of as small | a mileage of rail- 
road as practicable. 
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This last-named expedient, of using a relatively temporary 
grade system for surmounting a mountain range, will sometimes 
result in so great a difference in cost of construction as to result 
in the difference between the financial success and the financial 
ruin of the original investors. 

It is most important to have in view the fact that operating 
expenses can be adjusted, in a large degree, to variations in 
volume of traffic, and to a less volume than the anticipated 
traffic, whereas the interest on the investment cannot be so 
adjusted. 

The introduction of curvature to reduce cost of construc- 
tion of a valley or rolling country line is generally by the use 
of curves which are not especially objectionable as to sharp- 
ness and resulting reduced speed requirements and increased 
wear of track and rolling stock. The effect of such curvatures 
on running time of trains is sometimes over-estimated and un- 
warranted cost of construction incurred on this account, as 
well as in after years unwarranted cost of reconstruction. 

This is well illustrated by the time of the Overland 
Limited, running east between Oakland Pier, California, and 
Ogden, Utah, which has certain speed restrictions running 
down very steep grades on which there is considerable sharp 
curvature, the running time of which train on account of other 
curvature is increased but eighteen minutes in a total dis- 
tance of seven hundred and seventy-seven and four-tenths 
miles. 

Illustrating by another instance: the time of the Fast Mail 
running west from Ogden to Oakland Pier has certain speed 
restrictions running down very steep grades on which there is 
considerable sharp curvature, the running time of which train 
on account of other curvature is increased but six and four- 
tenths minutes in a total distance of seven hundred and seventy- 
nine and one-tenth miles. 

Evidently curvature effects, other than in increased run- 
ning time of trains, exist in approximately defined but not 
thoroughly established values. 

The introduction of curvature to reduce cost of construe- 
tion of a railroad built on a steep mountain side or on the steep 
sides of a river gorge is generally justifiable to a degree that 
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might be considered extreme, particularly where the grade is 
so steep as to itself limit the speed of trains up grade, and 
where nearly as slow a speed is prudent on down grades, on 
account of the possibility of slides, minor washouts, rocks from 
mountain sides, ete., the objections to curvature in such situ- 
ations not including the effect on running time of trains. 

Careful engineering methods in such cases would include 
a consideration of the relative operating values versus the 
relative costs of construction of any portions of the line, where 
possible alternative lines were obvious. The worst error in 
such cases is where alternative lines are compared, neither of 
which is the proper line to adopt. To avoid this, and have a 
proper basis of comparison, the cheapest line which is reason- 
ably practicable, within the adopted maximum grade and maxi- 
mum curvature limitation, should be designed and used as a 
basis of comparison. When this is carefully done it will gen- 
erally be found that with the transverse slopes of the mountain 
sides very steep, the cheapest line will prove to be the proper 
line to build, with conservative consideration of the probable 
traffic to be assumed as a basis for the computations. 

The modern curve is located with easements at each end, 
variously termed spirals, easements and tapers, the latter being 
the term which will be used in this paper. 

It is advisable that these tapers should be readily run out 
on the ground by measurements and transit deflections, similar 
to the methods used for the principal curve, and with the mini- 
mum amount of necessary field computations, for the reason 
that such field computations are unusually subject to error and 
particularly because they cost money unnecessarily. 

The tapers furnish a means of superelevating gradually, eas- 
ing the shock of the rolling stock in passing from tangents to 
curves; the effective amount of the easement being indicated by 
the distance that the main curve produced backward or forward 
passes inside of the terminal tangents. 

The usefulness of the taper depends on the general maximum 
running speed of the trains in the several localities, and where 
speed restrictions result’ in slow speeds, as for instance either up 
or down steep mountain grades, the taper is not needed to a very 
great extent, and in such localities a very short taper is justifiable 
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if it will save cost of construction versus the cost of construction 
required by a longer taper. 

It is evident that when a train or any part of a train 1s once 
on the main curve, the taper has no further effect, and it is no 
more appropriate to run too fast, for instance on a tapered eight 
degree curve than on an eight degree curve that is not tapered. 

A common form of taper in use, and which was designed 
and tabulated by the writer in the spring of the year 1881, con- 
gists of a series of short curves, each thirty feet long, each suc- 
cessive thirty foot curve being twice as sharp, three times as 
sharp, four times as sharp, etc., as the first thirty feet of curve 
used in getting from tangent to the main curve, with the reverse 
order in getting from the main curve to tangent. 

On valley lines, a taper beginning with thirty feet of a fif- 
teen minute curve leaves nothing to be desired for the use of the 
fastest trains. . 

On mountain side and similar lines with steep grades and 
moderate grades, a taper beginning with a two degree and thirty 
minute curve is found excellent in its results and is justifiably 
used where a flatter (and longer) taper would involve increased 
cost of construction. 

Too flat a taper and too long a reversing tangent increases 
cost of construction in a mountain country with steep transverse 
slopes, or in a confined river gorge where flood water is danger- 
ous and where the mountain sides are steep, to an extent not 
always fully appreciated. 

The effect of the taper and reversing tangent in the increas- 
ing of cost of construction is indicated by the resulting distances 
in a direct line between the centers of the corresponding main 
curves, versus the sum of the main curve radii, the difference of 
these distances indicating the horizontal distance to be disposed of 
in excess of the no-horizontal distance required by reversed curves 
without tapers and without reversing tangents. 

The greatest effect of this sort results from the use of flatter 
tapers, indicating more benefit with the same expenditure in con- 
struction from longer reversing tangents than from flatter tapers, 
a reversing tangent of one hundred and eighty feet length, how- 
ever, provides amply for the longest engine and tender now in 
use, including a suitable length at each end of the reversing 
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tangent for handling the elevation of the track for the first thirty 
feet of the taper curve. 

In illustration of this matter, two six degree curves with 
tapers commencing with thirty feet of one degree curve and with 
one hundred and twenty feet reversing tangent, will have their 
centers separated by a distance of twenty-one and seven-tenths 
feet in excess of the sum of their radii; and two six degree curves 
with tapers commencing with thirty feet of thirty minute curve 
and with one hundred and twenty feet reversing tangent, will 
have their centers separated by a distance of sixty-three and one- 
tenth feet in excess of the sum of their radii, resulting in the 
latter case in a distance of forty-one and four-tenths feet hori- 
zontal to dispose of in the last example in excess of that in the 
first example, which forty-one and four-tenths feet might result 
in prohibitive or at least in extravagant cost of construction. 

In further illustration of this matter: two ten degree curves 
with tapers commencing with thirty feet of two degree and thirty 
minute curve and with one hundred and twenty feet of reversing 
tangent, will have their centers separated by a distance of twenty- 
one feet in excess of the sum of their radii; and two ten degree 
curves with tapers commencing with thirty feet of one degree 
curve and with one hundred and twenty feet of reversing tangent, 
will have their centers separated by a distance of seventy-six and 
five-tenths feet in excess of the sum of their radii; and two ten 

_ degree curves with tapers commencing with thirty feet of thirty 
minute curve and with one hundred and twenty feet of reversing 
tangent, will have their centers separated by a distance of two 
hundred and thirty-three and five-tenths feet in excess of the 
sum of their radii. 

These extra horizontal distances to dispose of, for instance in 
a river gorge, would mean part or all of the distance more than 
otherwise necessary used in placing the center line of the rail- 
road more into the river flood exposure or more into the moun- 
tain sides in cutting or tunneling, and in close localities might 
give excessive cost of construction without increasing the suitable 
speed of trains for that locality; all of which indicates the need 
of conservatism in deciding on the financially appropriate taper 


curve rate. 
The field work of locating a new line should be as accurate 
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instrumentally, including measurements, as is reasonably practica- 
ble, in order to avoid the subsequent cost during construction of 
erroneous work by the slightly increased cost of the location 
surveys. 

In locating a line on rough country, like a steep mountain 
side or a river gorge of like character, it is economical to have 
the preliminary survey made with the same accuracy of measure- 
ment and instrumental work as characterizes the final located 
line. 

This is not the universally prevalent practice, which explains 
to some extent the failures to place the line in its most advan- 
tageous position in reference to the topography which are oc- 
casionally seen and paid for heavily by the investors, often 
unconsciously. 

Where a finally located line is carefully planned in reference 
to a preliminary line, and the final line is correctly run out instru- 
mentally, it is certain not to occupy the carefully planned posi- 
tion if the instrumental and measurement work of the prelimi- 
nary line was not as correct as that of the finally located line; 
and, if the careful planning was correct, the located line will have 
to be resurveyed, which may be a considerable cost entirely 
wasted if the region is precipitous, or heavily overgrown with 
brush and timber. 

Field or field office computations for facilitating the placing 
of the final center line in reference to a preliminary line should, . 
in steep transverse slope country, be based on working plats of a 
scale not smaller than fifty feet to the inch, and these plats be 
considered as diagrams, the final notes for field use being com- 
puted therefrom. Any less careful methods in such a region are 
reckless trifling with the resulting construction expenditure. 

Field books, for the use of engineers, designed to furnish 
ready solutions of the mathematical problems which occur in the 
field or the field office in locating a line of railroad, are sometimes 
somewhat circuitous in their methods, which tends to extra expen- 
diture of time that is paid for and to increased liability to error. 

All location problems that can present themselves to the 
engineer, with either the use of plain or of tapered curves, can be 
solved the most readily and rapidly by referring the centers of 
the curves to rectangular coordinates, one of which is generally 
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most suitably an initial or a terminal tangent, the intermediate 
distances being most conveniently resolved by a corresponding 
traverse ; the final solution of the most complicated problem then 
taking the shape of the working of a triangle. 

When this method is once understood, all other methods be- 
come cumbersome and wasteful of time. 

The reduction of grade rate on curves on long, continuous, 
maximum grades is of importance, the ideal condition being that 
there shall be no more resistance to propulsion on the curve than 
on the adjacent tangent. 

Of the various proposed methods, the writer has found by 
experiment that the following is satisfactory for all practical 
purposes :— 

Up to and including three degree curve, reduce grade rate 
thirty-five one-thousandths foot per degree of curve; 

Thence to and including six degree curve, reduce grade rate 
four one-hundredths foot per degree of curve; 

Thence to and including eight and one-half degree curve, 
reduce grade rate forty-five one-thousandths foot per degree of 
curve ; 

Thence to and including ten degree curve, reduce grade rate 
five one-hundredths foot per degree of curve. 

A slightly less grade rate reduction will answer the purpose 
on very perfectly maintained track. 

The comparison of alternative lines in reference to their 
annual operating expenses as affected by distance, grade rate 
and rise and fall, and curvature, all versus annual interest on 
their several costs of construction, should be undertaken with 
extreme conservatism as to predicted immediate traffic and its 
rate of increase, particularly in these times of passenger and 
freight automobile competition, as well as the possible competi- 
tion of additional rail lines that may hereafter be built advisably 
or otherwise. 

It is doubtful if less than twelve percent per annum should 
be used in capitalizing supposed saving in operating expenses 
versus more nearly known difference in cost of construction, 
whereas under conditions of a few years ago a much less annual 
rate could be safely used for such capitalization ; and some items 
of cost of construction may be exceedingly approximate. 
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This matter, however, is to be determined for each case. 

The well known variety of formulae and methods for ap- 
proximate determination of differences of cost of operation need 
not be detailed, but in place of it a description of the method 
preferred by the writer may be of interest. 

If the accounts of an existing line of operated railroad are 
available, which railroad or some division of it resembles the 
proposed line in general physical characteristics and probable 
method of operation, it can be assumed for the purpose in view 
that the new road will have its manifest freight trains and its 
passenger trains, ete., of about the same tonnages—but perhaps 
with a less number of trains of each class—as the existing road. 
That is, a representative freight and passenger business can be 
assumed, with the total approximately corresponding to the con- 
servative prediction of the business of the new road for the as- 
sumed period, and this representative business can be in the form 
of a defined number of trains of the sundry classes per day both 

- ways over the road. 

It will be noticed that the actual accounts of the existing 
road that are of interest in this connection should not inelude 
general expenses common to all tonnage, but only the direct train 
expenses as follows: 

Locomotive expense, car expense, train crews, maintenance 
of road exclusive of special accounts like snow sheds, for instance. 

Cost of locomotive fuel to have added to it suitable freight, 
for instance one-half cent per ton mile. 

The actual account items of the existing road should first 
be reduced to their value on equivalent straight and level track 
by the proper factor for the existing road, which account items 
can then be multiplied by the proper factor to obtain their sup- 
posed value per actual mile of the proposed road. 

The reasonably correct determination of these factors is of 
evident importance, and its importance increases with the amount 
of difference between the existing and the proposed road as to 
grade rises and falls and total curvatures. 

Also in the present state of railroad records it is prac- 
tically necessary to use the same factor for freight trains and 
for passenger trains, that. is, a compromise factor, and an at- 
tempt to take account of all variations in classes and speeds of 
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trains would require impracticable calculations and unattainable 
data. 

-Assuming, however, an average resistance to propulsion for 
all classes of trains to be ten pounds to the ton of two thousand 
pounds, the corresponding up grade would be five-tenths of one 
percent, one mile of which with twenty-six and four-tenths feet 
rise would require the same power expenditure for the rise only 
as would be expended in running the train one mile on straight 
and level track. That is, the expenditure of power for lifting 
the train one foot vertical would be the same as for propelling 
the train on two hundred feet of straight and level track. 

Expenditure of power and cost of power (exclusive of en- 
ginemen’s wages) are not in proportion, the cost ratio being sup- 
posedly, all things being included, as about one-quarter to one- 
fifth of the expenditure ratio. One-fifth of two hundred feet 
being forty feet, and forty-four feet being conveniently used. 

Similarly assuming average curve resistance per degree to 
be equivalent to that of a grade of forty-five one-thousandths 
percent, it would be about one-eleventh of the resistance of one 
foot vertical of grade, or per above assumption, one degree of 
curvature would be taken as equivalent to four feet horizontal. 

Evidently, in fact, the very light curves, thirty minute 
curves for instance, are probably operated without any extra cost 
over that of operating the same length of tangent; and similarly, 
where the ruling grade is, for instance, fairly steep, as one per- 
cent more or less, the cost of operating undulations of grades of 
very light rates is probably little or nothing in excess of operat- 
ing a corresponding distance of level grade, and the above as- 
sumed values of the cost of operating a foot vertical of grade 
and a degree of curvature are considered as being an average 
of cost of operating such light grades and curves, and of operat- 
ing grades and curves the actual cost of operating which may be 
in excess of the assumed cost figures. 

The cost of maintenance of road for passenger trains versus 
for freight trains is assumed to be per train mile for certain items, 
and assumed to be per the relation of the squares of the average 
velocities of freight trains and of passenger trains for other 


items. 
On some roads this relation would be about three, and on 
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some roads about four for passenger trains to one for freight 
trains; in both cases per their total tonnage. 

Doubtless with increased knowledge derived from more ecare- 
ful segregation of accounts of cost of operation, more minutely 
accurate factors will be attainable. 

The method may be illustrated by the following example: 

Actual distance one hundred miles. 


1056 degrees curvature at 4 feet.............. 4,224 feet. 
8122 feet rise East, 
1102 feet rise West, 


4224 feet divided by two gives average 
rise on round trip of 2112 feet 


abe tee tee skeen eee eecenees 92,928 feet. 
Total equivalent straight and level feet... 97,152 feet. 
WV ALLG 1 "So, eee eee ee ae ee eee 18.4 miles. 
iNcbualedistance se eee 100.0 miles. 


Total equivalent straight and level dis- 
tANGE: occ) lok ee eee ne 118.4 miles. 
which is 1.184 times the actual distance. 


PNSSUIME TON OSS ete wlN IN OOD, Clee ae esate eee ter ean easiest eneeeee 2000 short tons. 
IASSUM.O MeU: trelii ow ll ca Cece eeese eee sec eens teen eee nena 800 short tons. 
A‘ssume fuel): oulesee eases eee eee ene 56 cents per barrel. 
Assume fuel ‘oilytirel ote eee eee 10.54 cents per barrel. 


Assume train hauled by two Consolidation engines with 57-ineh 
drivers and 30-inch stroke, with 22-inch eylinder diameter and 
93.5 tons on the driving wheels, with 200 pounds steam pressure 
in the boiler, and each engine and tender weighing 190.22 short 
tons. 

Table A gives the cost for one train mile. 

Similar methods apply to all classes of trains, but if a helper 
engine is utilized daily, for instance sixty-five miles, and wages 
are paid for one hundred miles, the engineer and fireman would 
each receive per mile one hundred sixty-fifths of wage rates in 
Table A. 

It may be of interest to supplement the above with a state- 
ment of the difference in cost of hauling the same trailing load 
with one Mallet compound engine having fifty-seven-inch diame- 
ter driving wheels and thirty-inch stroke, with cylinders of 
twenty-six inches and forty inches diameters and with one hun- 
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dred ninety-seven tons on the driving wheels, with two hundred 
pounds steam pressure in the boiler, and with other conditions 
the same as before, the engine and tender weighing one hundred 
thirteen and one-tenth tons. Table B gives cost for one train 
mile when using one Mallet compound engine. 

That is, the use of the Mallet compound engine in place of 
the two consolidation engines, in this instance, 

Saves 20.306 cents per train mile, 
a 0.025382 cents per net ton mile, 

0.006835 cents per gross ton mile, 
the gross tons including the engines and tenders. 


oe 


This equivalent straight and level distance method when 
applied, for instance, to an operated division of an existing rail- 
road, for the purpose of segregating these direct operating costs 
of a train to sundry parts of the division, for instance, to the 
several distances between stations at which the train stops, will 
give results which added together will equal the actual total of 
these direct operating expenses of that train over the entire 
division, regardless of what values may have been assumed for 
curvature and grade rise and fall. 

If so used, however, it would be well to have a factor for 
passenger trains and a factor for freight trains, corresponding 
to their respective resistances to propulsion at their several aver- 
age speeds. 

This method of alternative line comparisons, which may be 
considered as predicting the operation of the road, with an as- 
sumed traffic, although necessarily imperfect, can be said to be 
at least as perfect as the data at hand, and if used conservatively 
will prevent the injudicious adoption of too expensive a line. 
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DISCUSSION 


Mr. William Hood, in answer to a question by Mr. Wm. J. Ryan as to 
whether the rate of compensation should be different for short and long 
trains and for passenger and freight lines, said the old theory was that 
there should be less compensation for short trains than for long trains; 
also that compensation is practically adjusted on the basis of long trains, 
on the possibility that sometime long trains would be operated. The 
rates of compensation given in the paper were those which he had estab- 
lished in 1875. Experiments later made in Belgium indicated a somewhat 
greater rate of reduction than he used, due, probably, to the more rigid 
rolling stock in use there. After building many miles of line, using his 
rates, a series of experiments showed that the sharper curves pulled a little 
more easily than the tangents or the easier curves. 

Mr. G. M. Eaton,* Mem. A. I. E. E., said that in locating a main 
trunk line to be operated electrically, some modification may be made: 

(1) Heavy locomotives of shorter wheel base may be used. There- 
fore, it will be possible to use somewhat sharper curves than on steam 
roads. 

(2) The grade may be increased considerably for short distances, 
due to the great overload capacity of electric locomotives, for a short 
time. 

(3) The curve compensation may be somewhat decreased when the 
regeneration of current is considered. 

Mr. William Hood, in closing, said that, referring to the remarks of 
Mr. G. M. Eaton concerning modifications of grades and curves for main 
trunk lines to be built for electrical operation, he would quote and answer 
as follows: 

“*(1) Heavy locomotives of shorter wheel base may be used. There- 
fore, it will be possible to use somewhat sharper curves than on steam 
roads. ’’ 


Suitable speed limitations on curves are independent of the kind of 
locomotives used. 

‘*(2) The grade may be increased considerably for short distances 
due to the great overload capacity of electric locomotives, for a short 
time. ’? 

Electric locomotives and trains, as well as steam locomotives and 
trains, will run more satisfactorily on a road without occasional unduly 
steep short grades, and economy in road construction can be attained by 
suitable skill in other directions than severe grade chopping. 

‘*(3) The curve compensation may be somewhat decreased when the 
regeneration of current is considered.’’ 

It seems not advisable to in effect steepen grades locally against up 
grade trains for the purpose of increasing the gravity effeet on down 
grade trains. 

In general it seems best to build a main trunk line as well for elec- 
trical operation as for steam operation. 


* Eng. Ry. Division, Westinghouse Elect. & Mfg. Co., East Pittsburgh, Pa. 
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THE LOCATING OF A NEW LINE. 


By 


DAVID WILSON, B. A., Assoc. Mem. Inst. C. E. 
Johannesburg, South Africa 


The actual work and methods of locating a new railway 
are so much dependent upon the type of line which it is pro- 
posed to build, and this, in turn, is so much modified by the 
physical character of the country and by its industrial history 
and development, that it seems advisable to examine these 
matters at the outset. 

South Africa is a plateau rising, as far as railway develop- 
ment has gone, to a height of 5735 feet, that being the altitude 
of Johannesburg, the greatest industrial centre in the sub- 
continent. Lines from five ports concentrate at this point. Four 
of these ports are within the South African Union; the fifth, 
Delagoa Bay, being in Portuguese territory. All these lines of 
railway encounter rough and steep country at short distances 
from the Coast. None of them, with the exception of perhaps 
the Delagoa Bay line, were planned as Main Lines to develop 
important inland mining and agricultural areas. They were 
designed to meet the requirements of small pastoral communi- 
ties living at no great distance from these ports, and after- 
wards extended great distances inland on the discovery of 
diamonds and gold. 

The main obstacles which the country presents to railway 
development were encountered in these short lines, and had to 
be dealt with at a time when neither the development nor the 
prospects of the country had made it possible or desirable to 
spend the capital necessary to carry out heavy works. The 
gauge of 3 ft. 6 in., to which all South African lines of impor- 
tance are built, was decided on at this stage. This gauge was 


234 THE LOCATING OF A NEW LINE 


very suitable at that time, but if the pioneer lines had been 
built to be extended over long distances of comparatively easy 
country and to carry a large traffic, then it is possible that a 
wider gauge would have been justified. Large sums are being 
spent in reducing grades and in reducing and flattening curva- 
ture, but the question of a wider gauge has so far not been 
seriously raised. Sharp curves and steep grades were freely 
used on all the lines, and were necessary in order to negotiate 
the narrow kloofs and steep ascents. The Natal Main Line, for 
instance, on which alone is now carried over three and a half 
million tons per annum on a single line, has a minimum curva- 
ture of 300 ft. radius and grade of 1 in 30. The grades are not 
compensated for curvature, and, as the limits of grade and curv- 
ature are freely used together, the virtual grade is not better 
than 1 in 25. The line rises to a height of 2225 feet in the first 
28 miles. It has on this section approximately 375 degrees of 
curvature to the mile. Sixty trains now pass over this line daily. 

The principal problem to be faced by the locating engineer 
in South Africa is that of grades. There are problems on the 
Coast belt, of lagoons, blown sand, corrosion and washaways; 
and inland, of waterless plains and great distances; but the 
question of grade has been the main consideration in the work- 
ing of South African railways. 

It will therefore be instructive to consider the various 
methods that have been adopted for overcoming heights. These 
methods have been, at the different stages of railway develop- 
ment, (1) steep grades, (2) reversing stations or zigzags, (3) 
artificial development, and (4) heavy work, with or without 
the assistance of artificial development. 

The early engineers had no option but to introduce steep 
erades, as the worst problems had to be solved in some way 
at a time when the resources of the country were undeveloped 
or undiscovered. The steepest grade adopted was 1 in 30, 
uncompensated, that being a grade which is practicable almost 
anywhere, although a rack section (which has since been 
replaced by a 1 in 50 grade) was introduced on the Delagoa 
Bay line, and reversing stations in conjunction with 1 in 30 
grades were used in ascending van Reenen’s Pass on the Dra- 
kensberg. Reversing stations were used as a means of getting 
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a 1 in 50 grade on the northern section of the Natal main line. 
These are a cheap and ready method of getting over grade diffi- 
culties in the first instance, but are expensive to operate, and 
are a serious cause of delay if heavy traffic is afterwards devel- 
oped. The question of replacing those referred to is under 
consideration, and even for unimportant branch lines, reversing 
stations are out of favour, and recent examples are not likely 
to be repeated. 

The next stage in the development of the art of laying out 
easy grades on steeply rising country has been artificial devel- 
opment, and South Africa has many interesting and picturesque 
examples of this method. The engineer in difficulties is con- 
stantly on the look-out for a likely spot where he can go 
through a nek with a cutting and, circling round the shoulder of 
a hill, reverse his direction. Then he will probably find a point 
at the junction of two or more valleys, where, by erossing the 
tributary streams, and re-crossing the main stream by a high 
bridge, he regains his original direction at a much lower level. 
This method is still in use even for main line work, and although 
it necessarily introduces a large amount of curvature, it is 
difficult to see how some of the ascents can be gained otherwise. 
An extensive deviation of the Natal main line which is at pres- 
ent being constructed furnishes an interesting example of cross- 
ing a summit on a comparatively easy grade by means of arti- 
ficial development, combined with heavy works. The deviation 
commences at Pietermaritzburg station yard, and the obstacle 
to be surmounted is a ridge 1518 feet above the starting point. 
The only practicable point of crossing the ridge is less than 
six miles from the starting point, in a direct line. It was prac- 
ticable to reduce the summit only 134 feet by means of a tunnel 
902 yards long. Starting from the grade at the mouth of the 
proposed tunnel, natural development failed to reach the sta- 
tion yard by some 250 feet in elevation. The grade and the two 
ends of the line being fixed, either absolutely or by practical 
considerations, it was necessary to have recourse to artificial 
development. This was done on curves of 7144 chains radius 
(495 feet radius; or approximately 11.5°) at the cost of heavy 
work. There is no slack grade, except for crossing stations; 
the located line being 1434 miles in length. In addition to tun- 
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nelling, it is estimated that the earthwork will be in excess of 
75,000 cubie yards per mile, for a single line. Artificial devel- 
opment in this case introduced at least 300 degrees of curvature, 
all on the limit grade. As at least 40 heavy trains per day 
will be run over this line; £30 per degree is quite a moderate 
amount to which to equate curvature. For this class of line the 
method adopted should be used only as a last resort. As the 
improvement of this particular part of the Natal main line has 
been under consideration for some 20 years, and as at least four 
routes have been carefully surveyed, it may be taken that a 
direct line was unobtainable. 

While artificial development is exceptional and undesirable 
on main line work on account of the amount of curvature of 
necessarily small radius introduced, for branch lines it may be 
said to be the normal method of locating fairly flat grades, a 
grade of 1 in 40 being the steepest now favoured for branch line 
work. For this class of work the limiting radius of curvature 
is 5 chains (330 feet; 100.6 metres). It is comparatively easy 
to develop length with this limit of curvature. The steepest 
erade now being used for the main lines is 1 in 50, but that is 
used only with the greatest reluctance, the standard which is 
aimed at being 1 in 66 as a maximum. For instance, surveys 
are now in progress to relocate the first section of the Natal 
main line from Durban, which, after various reverse grades, 
reaches the first step in the plateau at a height of 2500 feet, 
-and in a length of some 40 miles. The grade on the present 
line is 1 in 30, against both ‘‘up’’ and ‘‘down”’ traffic, uncom- 
pensated on curves of 300 feet radius, there being approxi- 
mately 370 degrees of curvature per mile. The new location 
will be on a 1 in 66 grade compensated, with no reverse grades. 
Curvature will be reduced by about half, and the length will 
not be increased. Final estimates of the cost have not been 
completed, but it is not misleading to say that the cost will be 
approximately £20,000 per mile for a single line. This is a 
direct line, the gradient being attained without artificial devel- 
opment. Tunnels up to about half a mile in length, but mostly 
much shorter, are being introduced to cut through the sharp 
spurs, instead of the old system of going round on sharp curves. 

The old line and the new location are instructive examples 


THE LOCATING OF A NEW LINE 237 


of the earliest and latest stages of the progress of railway loca- 
tion in South Africa. 

Having, in the foregoing, glanced at the physical and 
economical conditions that have influenced the development of 
railway construction in South Africa, and having indicated the 
standard which has been attained in main and branch lines in 
the more difficult parts of the country, it is now proposed to 
examine the considerations by which the locating engineer 
is guided in the selection of a route and in deciding in detail 
questions of grade curvature, rise and fall, length, ete. 

In these matters the principles laid down by Wellington in 
“The Economic Theory of Railway Location’”’ are followed, 
with due regard to local conditions, and American engineers 
will find nothing new in South African practice. 

Grades being the great difficulty in South Africa, the first 
consideration is to get the best practicable grade. In this 
respect, it is very easy to compare different schemes, the only 
difficulty being in anticipating the growth of traffic. South 
African railway managers have had many surprises in this 
respect in the past. A few years ago the problem in Natal was 
to carry imported goods to the gold mining areas, and grades 
against traffic moving inland were being improved to facilitate 
this work. Now the problem is to carry coal to the port, and 
empties back to the coal fields, the traffic to the mines being 
relatively unimportant, and it is found to be imperative to build 
practically a new line. 

After grades, curvature is the greatest consideration. 
Curvature on the pioneer lines is extremely heavy, averaging as 
much as 370 degrees over the worst sections. As usually hap- 
pens, the sharpest curves are associated with the heaviest 
grades. The difficulty of grades has been overcome to some 
extent by the introduction of exceptionally heavy engines, 
designed to run on curves of 300 feet radius (19 degrees) on 
the 3 ft. 6 in. gauge. The South African Railways Class 12 
engines, which have proved most successful, weigh 91 tons 16 
ewt. without the tender, and it has been claimed that they are 
the heaviest non-articulated engines working on such a narrow 
gauge. Under these circumstances, the difficulties arising from 
curvature, especially sharp curvature, on steep grades, become 
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accentuated, and the wear on rails and tires becomes very 
ereat, in some situations an 80-lb. rail lasting only about six 
months. For new work where curves and grades are more 
favourable, it is considered that the expenditure due to curva- 
ture is about eight pence per degree per annum multiplied by 
the number of trains run over the section per day. The justi- 
fiable expenditure to avoid curvature is, on the most important 
lines taken at as much as £25 per degree. The cost per train 
mile on the South African Government railways is appproxi- 
mately 5/11. 

In a country presenting the physical characteristics of 
South Africa the question of rise and fall is most important. 
This especially applies, however, to a comparison between two 
routes of considerable length, but it is seldom that the locating 
engineer has the luxury of selecting such a route on purely engi- 
neering principles. A great many other considerations have 
weight in this, as in other countries, and rightly so. It is there- 
fore difficult to define South African practice with regard to 
rise and fall on a large scale. On any particular route, the 
question of saving rise and fall is seldom of relative importance, 
for the reason that so lttle can be done by heavy works to 
shorten the long inclines which are a feature of the country. 
For minor rise and fall the average practice is to allow 12/- 
per foot per daily train (round trip) but grades would not be 
broken up for the sake of strictly observing this rule. 

The question of length is the only remaining consideration. 
In main line work, length is in every ease sacrificed to grade, 
at least to the extent of getting a 1 in 66 grade on main lines 
and 1 in 40 on branch lines. An important deviation recently 
completed on the Natal main line cuts out a section 21 miles in 
length having 1 in 30 uncompensated grades in each direction. 
On the new line the maximum grade is 1 in 65 compensated. 
but the length is 28 miles. Within the prescribed limits of 
grade, however, the question of length is most carefully studied 
and on important lines it has been considered justifiable to 
expend as much at £3 per foot to effect minor shortening. It 
sometimes happens however, especially on a single line, such 
as practically all South African lines are, that circumstances 
do not justify expenditure proportionate to this. It is often 


THE LOCATING OF A NEW LINE 239 


difficult in broken country to locate crossing stations to suit the 
traffic. If heavy expenditure can be avoided by lengthening a 
section which is less than the average between crossing stations, 
the question should be carefully considered on its merits, as a 
considerable lengthening might be introduced without appreci- 
ably delaying the traffic. 

The methods adopted in the field by the locating engineer 
do not present any novel features. In the settled districts, a 
map to the scale of one inch to the mile, shewing farm 
boundaries and the principal streams, is generally obtainable. 
In the first reconnaissance, if the route is of any considerable 
length, an aneroid barometer is used to ascertain the altitude 
of tying points. The next step is to run between these points 
with an Abney level to ascertain whether the limit grade is 
practicable. The length can be roughly ascertained by sketch- 
ing on the map and from local information. Should grade dif- 
ficulties present themselves a rough tacheometer survey is run 
and plotted. This, with field notes, will enable the length, 
curvature, etc., to be roughly estimated; or some salient points 
may be fixed from each station, and a rough contour plan pre- 
pared. If satisfactory results are obtained, a detailed tache- 
ometer survey is made and a contour plan prepared to con- 
venient scale, of, say, 200 feet to the inch in moderate country, 
and 100 feet to the inch in broken country. On this, trial lines 
are located and sections plotted, and the locating engineer care- 
fully balances the elements of safety, cost, curvature, length, 
ete. It may be said that it has been found in South Africa, as 
elsewhere, that it is often not so much a question of balancing 
curvature against cost, as of eliminating a fair portion of it 
altogether by extra care and the help of a good contour plan. 

When the route has been decided upon the line is staked 
out and a plan section and cross sections plotted. Should the 
country be broken, the final location of the line is done from 
the cross sections and the line is, where necessary, re-pegged. 
The 66-foot chain, divided into 100 links, is the unit of measure- 
ment in use over nearly all South African railways, and curves 
are defined in terms of the radius in chains, while grades are 
given in ratios. This necessitates the preparation and use of a 
great many tables and leads to many calculations that might 
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be dispensed with by the use of a more rational system of units, 
but in practice the inconvenience is not so much felt as might 
be supposed. All curves are located with transition curves at 
the ends, generally three chains long, and grades are connected 
by vertical curves at least four chains long. Grades are com- 
pensated for curvature at the rate of from 0.035 to 0.05 per cent 
per degree of curvature. A compensation of 0.04 is found, 
generally, to be sufficient, if not rather excessive, on new rails, 
but there is an impression that for long trains extending over 
perhaps more than one curve the resistance due to curvature 
increases. On sharp curves check railing adds to the resist- 
anee. The condition of the rails and tires and the length of 
rigid wheel base are important elements. The tendency there- 
fore is to increase the compensation to 0.05 where possible. 

The foregoing refers to the practice of locating standard 
3 ft. 6 in. gauge main and branch lines in the more difficult 
parts of the country. Although South Africa is not by any 
means a regular plateau, the difficulties decrease inland and 
there are extensive areas presenting no particular obstacles. 
On the other hand, there are parts near the Coast which cannot 
be economically developed by means of a 3 ft. 6 in. gauge rail- 
way with a limiting radius of curvature of 300 feet (91.4 m.; 
19°). A two-foot gauge has, consequently, been introduced, 
with a minimum radius of curvature of 175 feet (53.3 m.; 
32.75°). There are 474 miles of railway of this gauge within 
the Union, and in German Southwest Africa there is a line over 
360 miles in length on a gauge of 23.6 inches (0.6 metre), with a 
minimum radius of curvature of 38.26 metres. This line rises 
to a height of 5370 feet. These lines serve their purpose, but 
owing to the delay and cost of trans-shipping they are not 
looked upon with favour. At the present time, although some 
existing lines are being extended, there is no proposal within 
the Union to build new lines, and any proposal in future to 
depart from the standard gauge of 3 ft. 6 in. will be most eare- 
fully scrutinised before being adopted. 
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DISCUSSION 


Mr. William Hood,* M. Am. Soc. C. E., in response to a request from 
Mr. A. H. Babcock that he give his views with reference to the location 
of a line for electrical operation, said that if a new road is to be built 
to be operated exclusively by electric power, and it is certain that it will 
never be operated by steam, in whole or in part, it is quite correct to 
build for exclusive electrical operation; that it is not uncommon to build 
for both kinds of motive power, owing to the uncertainty involved; and 
that in his opinion it would be injudicious to tie a railroad up to unnec- 
essarily sharp curves and steep grades if a better line is available at small 
additional cost. A railroad built for steam power may be well operated 
by electricity. In general, he would not favor short pieces of unneces- 
sarily sharp curvature and steep grade, unless it were absolutely certain 
that the line would always be operated by electricity. 


* Chief Engr., Southern Pacific Co., San Francisco, Calif. 


Hood. 


Paper No. 81 


CONSTRUCTION METHODS AND EQUIPMENT OF 
RAILWAYS. 


By 


WILLIAM GRIFFITH SLOAN, M. Am. Soe. C. E. 
Chief Engineer, MacArthur Brothers Company 
New York, N. Y., U. S.A: 


The operations involved in the construction of railways 
have always required the employment of large numbers of 
men, the majority of whom constitute what is known as un- 
skilled labor, in contra-distinction to the various classes of 
mechanics ordinarily called skilled labor. 

Due to the decrease in the amount of available unskilled 
labor and the great decrease in the efficiency of that avail- 
able, the increase in labor-saving devices and appliances for 
railroad construction work has been rapid during the past 
twenty-five years; but due also to the physical conditions enter- 
ing into construction of this kind, methods which would be 
entirely suitable for one piece of work would not be at all 
adaptable for other work in many ways similar, and the result 
has been a great diversity of such labor-saving appliances in 
an attempt to meet the various conditions. 

Railroad construction divides itself into the following prin- 
cipal classes of work :— 


1. Clearing of trees and underbrush and the grubbing out 
of roots. 

2. The excavation and transportation of earth and rock 
to form the roadbed. 

3. Tunnels. 

4. Construction of bridges, which has the following sub- 
heads :— 
(a) Timber bridges. 

(b) Conerete and masonry bridges. 
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(c) Culverts of metal or earthenware pipes. 
(d) Steel superstructures of bridges. 
5. Tracklaying. 
6. Ballasting. 
7. Structures, such as stations, water stations, shops, ete. 


CLEARING AND GRUBBING. 


The work included under the first division mentioned above, 
ordinarily spoken of as ‘‘Clearing and Grubbing’’, is carried on 
today in much the same manner as it has been for many years 
past, except that the lack of efficiency in the labor available 
for this work is particularly noticeable. The hardy axemen 
found in such great numbers in this country a quarter of a cen- 
tury ago are fast disappearing, and the axe in the hands of the 
foreign laborer is not an effective tool. The writer has seen 
many railroad clearings that looked more as if the trees had 
been gnawed down by beavers than felled by axes. 

So far as the grubbing is concerned, there are a number 
of stump-pulling appliances, which together with the traction 
engine, which has developed rapidly in recent years, and the 
explosives now manufactured for the purpose, have enabled 
this work to be done more effectively and cheaply. 


EXCAVATION. 


It is under the second classification of work, viz., Excava- 
tion, that probably the greatest development of construction 
appliances has been made. The work of excavation, using the 
word in its broad sense, includes the loosening of the material, 
the loading of same into a means of conveyance, conveying to 
the place of deposit, and depositing in place. 

The first of these operations, that is, the loosening of the 
material, depends primarily upon the character of the material 
to be handled, and to some extent on the means of conveyance 
to be used and the disposal. In the construction of railroads, 
materials of all degrees of hardness and toughness are encoun- 
tered, and it is sometimes necessary to deposit material in a 
position where it must resist the action of water, and where 
larger pieces of rock are required; or again, it may be deposited 
in a low embankment where the larger pieces of rock can not 


244 CONSTRUCTION METHODS AND EQUIPMENT 


be used. All of these conditions, as above stated, affect the 
manner in which the work must be done. 

Of the various methods in use, the following are probably 
representative :— the pick, the plow, drills and explosives. 

Under the latter heading come some of the most interesting 
and valuable advances and improvements to be found in the 
development of this art. The blasting of rock has been known 
and practiced for several centuries, but since the invention 
of dynamite this work has been carried on in an entirely dif- 
ferent manner and to far greater effect. 

The drill has progressed from the old hammer and steel 
and churn drill to the highly effective air drill of today, carry- 
ing with it a corresponding increase in capacity for the removal 
of rock at very much less cost. 

There has also been adapted to the removal of rock on rail- 
roads, during the past few years, the well drill, by which large 
and deep holes are drilled throughout the excavation to be 
made, and large sections of it so loosened by the simultaneous 
shooting of a number of these holes that steam shovels are 
enabled to work continuously for long periods before it is neces- 
sary to do further blasting, thus obviating the moving back of 
the shovel and other equipment before each shot is made, as is 
necessary where only the face immediately ahead of the shovel 
is shot. 

The second of these operations, viz., loading, has also shown 
many interesting developments. In much of the railroad con- 
struction carried on today, the material is loaded into the means 
of conveyance by men with shovels, after having been loosened 
with the pick, if necessary, in the same manner as has been done 
since the early days of railroad construction. 

Likewise, much railroad work is done by teams and 
scrapers, of which there are a number of kinds. Those com- 
monly in use are the drag scraper and fresno for short hauls, 
and wheel scrapers for the longer hauls, the material being 
loaded by dragging the pan of the scraper through the 
material, which has previously been loosened by a plow, if 
necessary. 

Of the above mentioned, the fresno is the latest develop- 
ment and is almost wholly taking the place of the drag scraper. 
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Hauls in excess of eight hundred (800) to one thousand (1,000) 
feet can not be made economically with a wheel scraper. For- 
merly, where long hauls were necessary, much of this work 
was done by hand loading into wagons or small ears. 

In certain classes of material the elevating grader is used 
for loading into wagons. This consists of a plow which turns 
its furrow onto an elevating belt, which in turn deposits the 
material in wagons driven alongside. The grader is propelled 
by either horses or traction engine. The elevating grader fur- 
nishes a means of doing work very cheaply, where conditions 
are suitable. The material to be handled must be such, however, 
that it can be carried over the belt, and in stony or very sandy 
ground this is not practicable. Many miles of the Western 
prairie railroads in this country have been constructed by the 
use of graders depositing direct in the embankment from long 
borrow pits on either side of the line of railway. 

Where the amount of work to be done is sufficient, and 
justifies its installation, the steam shovel furnishes in many 
cases the best and most satisfactory method of loading material. 
It has the advantage of being adapted to handle either earth 
or blasted rock, and the roots and stumps of trees do not inter- 
fere with its operation, as in the case of team or hand work. In 
fact, it is not necessary to grub out the stumps ahead of the 
shovel on work which is being done by this method. 

Material from the steam shovel is usually loaded into cars 
and hauled by locomotives to the place of deposit. The develop- 
ment of the steam shovel has been in the direction of capacity 
rather than change in type, and there are found on railroad 
work today shovels weighing from 20 tons to 110 tons. 

The so-called drag-line, which is primarily adapted to the 
handling of material where the points of deposit and of excava- 
tion are both within reach of the machine, is now being used 
to some extent in the loading of cars and wagons, and to that 
extent is taking the place of the steam shovel, its particular 
advantage being that it can dig much below the gerade on which 
the machine travels, which is a great advantage, particularly 
if the material is wet and the ground soft and swampy. 

There are several types of drag-line machines, the basis of 
all of them being a heavy steel bucket which is carried forward 
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either from the boom or cableway and drawn back through 
the material to be handled, during which operation it loads 
itself, and then is raised and carried to the point of deposit and 
there automatically dumped. Where conditions are favorable, 
material can probably be handled more cheaply by this method 
than by any other method in use today. 

The operation of conveying is accomplished in various 
ways. It is to meet the requirements of economy in this opera- 
tion that developments have been made not only in it, but in 
all of the other operations involved in excavation. 

In .the old days when much railroad embankment was 
made by men using wheelbarrows, it was good practice to con- 
tinue their use only so long as the time, and consequently the 
cost, of transporting from the pit to the dump and returning 
did not exceed that of loading, which in practice limited the 
distance earth could economically be moved by this method to 
about one hundred and fifty (150) feet. If the distance was 
greater, some other method was resorted to, the cost of trans- 
porting necessitating the change. 

The cost of transporting is often reduced by increasing the 
capacity of the conveying medium, which in turn has required 
new and improved means for loading the larger conveying 
mediums, and in very many other ways can be seen the far- 
reaching influence of this operation for a general development 
throughout the whole field. 

Where scrapers are used, the seraper with its load is 
drawn by horses to the point of deposit and there dumped. 
Likewise, where elevating grader and wagons are used, con- 
veying is accomplished in the same way. Where steam shovels 
are used, conveying may be done by wagons if the haul is short, 
but it is ordinarily accomplished by the use of cars and locomo- 
tives. The track for these cars may be either narrow gauge 
(3 ft.) or standard gauge (4 ft. 814 in.), the determining condi- 
tion as to the gauge used being, first, the amount of work to 
be performed at any particular point by the plant, and second, 
the accessibility of same from an existing railroad or other 
means of transportation. The large, heavy cars and locomo- 
tives required for standard-gauge work are moved only with 
considerable difficulty through a rough country. 
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The operation of depositing the material, in the case of 
work in which teams and scrapers and wagons are used, is the 
simple one of dumping the material and leveling off same by 
men with shovels. Where material from steam shovel is being 
deposited in railroad embankments, if the height of the embank- 
ment is more than four (4) or five (5) feet, it is necessary, in 
order to avoid continually raising the track, to build trestles 
or other means of support for the track on which the material 
is brought to the dump. Such trestles are constructed gen- 
erally strong enough to support only empty cars, the end of 
the fill being maintained at grade to furnish support to the 
locomotive and loaded ears which are dumped as they pass 
over the end of the fill. 

Where the 3-foot-gauge cars are used, the dumping is 
accomplished by tipping the car sideways by hand and allow- 
ing the material to run out. This is also the case with the 
smaller cars up to a capacity of, say, six (6) or seven (7) yards, 
where standard-gauge cars are used; but there are also cars 
having capacities up to thirty (30) yards used on standard- 
gauge work where the dumping is accomplished by the use of 
compressed air furnished from the locomotives. 

Cars of this capacity are not generally used on new con- 
struction work, being more often used for the filling in of 
trestles and otherwise improving existing lines of railway, and 
are largely taking the place of the flat cars and plow, which 
were much used formerly for this purpose. 

After the dumping of the cars, a certain amount of spread- 
ing is necessary, which is generally done by men, in case 
narrow-gauge plant is used; on heavier work, where larger 
amounts of material are being used on standard-gauge work, 
the spreader is often used for this purpose. The spreader con- 
sists of a heavily weighted car having adjustable wings on 
either side, which in passing over the track, levels off and 
spreads the freshly deposited material by means of these out- 
spreading wings. Spreaders are now to be had in which the 
adjustments are entirely actuated by compressed air. 

As a substitute for temporary trestles on very high and 
short fills, there has in recent years been used a type of cable- 
way bridge, which has proved of considerable economy. 
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While on the subject of excavation, it is proper to mention 
two other interesting methods by which this work has been 
accomplished within the past few years: these are the construc- 
tion of railroad embankment by use of the hydraulic dredge, 
as instanced by work done by one of the railroads of this 
country which skirts the bank of the Mississippi River, and 
also by the so-called hydraulic sluicing method, which was used 
by one of our Western railroads. 


TUNNELS. 


The history of tunnelling is most interesting, extending as 
it does from the most ancient times, when the work was carried 
on by barring and wedging and by fire and water, used alter- 
nately to heat and quench the rock, down through the seven- 
teenth century, when the introduction of gun powder entirely 
changed the method of doing this work. The amount and 
character of work done under the old methods are amazing. The 
great development came, as in the case of the rock excavation 
mentioned above, with the invention of dynamite and the im- 
provement of drilling machinery; and while the study of the 
different methods used in this country and abroad for the 
driving of tunnels, and also of the different types of drilling 
and other machinery, would be most interesting, it can not be 
undertaken here, it being sufficient for the purpose of this paper 
to briefly mention some of them. 

The determination of the method to be followed in the 
driving of a tunnel always involves the questions of progress 
and cost, such a method being adopted as will give the max- 
imum of the former consistent with a reasonable cost, all things 
being considered. This does not necessarily mean that the 
above mentioned maxima and minima are absolute; but rather, 
having assumed a certain justifiable cost, the method must be 
such as to produce a maximum of progress, and vice versa. 

The points at which work may be carried on in driving 
a tunnel are obviously limited by economy. Generally speaking, 
the two ends of a tunnel are accessible for this purpose at 
reasonable expense. To afford additional working faces, shafts 
must be sunk, and the problem of how many, if any, are justi- 
fied, must be solved. 
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If the tunnel in question is the critical part, as regards 
time, in the construction of some large project, the cost of 
several shafts and the adoption of rapid but expensive methods 
of tunnel driving may be justified. 

In the driving of any railroad tunnel, or other tunnel of 
large cross section, through rock, the work is carried on by 
first driving a drift or tunnel of smaller cross section, called a 
heading, somewhere within the cross section of the finished 
tunnel. The purpose of this is to facilitate the excavation of 
the remaining part of the cross section of the tunnel by afford- 
ing two free faces to the rock which is to be removed, which 
ereatly increases the effectiveness of the explosive. 

The size and shape of the heading should be such as to 
permit a maximum of progress and leave the remaining cross 
section in the best shape for its removal. The location also 
should be such as to permit the easiest removal of the remaining 
cross section. To a considerable extent, the location depends 
upon the character of the rock, a bottom heading is often the 
best where the rock is self-supporting, and a top heading where 
the rock requires timbering for support. 

It will be evident that the driving of a heading, with its 
constricted working space, does not admit the use of labor- 
saving appliances for handling the material, and is entirely 
a question, except as to the use of drilling machinery, of 
hand labor. It will also be evident that the progress of the 
whole tunnel is entirely dependent upon the progress in the 
heading. 

In European practice where the greatest records of prog- 
ress have been made, they have been accomplished by driving 
two, or even more, headings connected by cross drifts to facili- 
tate the removal of the material and ventilation. Due to the 
relatively low cost of labor in Europe, this has been done with- 
out increasing the cost of the whole tunnel excessively. 

In the United States, however, these methods have not 
been generally followed, a single heading usually being driven, 
with consequently slower progress. 

It is in the removal of the remaining cross section of the 
tunnel, after the heading has been driven, that labor-saving 
appliances have been developed, principal among which is the 
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application of the steam shovel operated by compressed air 
for the loading of blasted material into cars. 

There have also been constructed for work of this kind, 
drill carriages mounted on ears which, in turn, are carried on a 
track, and which permit the removal of the whole battery of 
drills before each shot is made, and the replacing of same, as a 
unit, as soon as the muck has been sufficiently cleared away to 
permit. 

Machines of this kind have also been combined with load- 
ing devices, consisting of belt conveyors onto which the blasted 
material is shovelled by men and conveyed automatically into 
cars, which in turn are hauled away by either horses or electri¢ 
locomotives. 

During the last few years there have been brought out a 
number of so-called tunnelling machines, the general principle 
of which has been a large reciprocating, and at the same time 
revolving, cutter-head so mounted on a track as to be brought 
into contact with the face of the rock, which is gradually 
broken down by blows of the cutter-head, the pulverized mate- 
rial being either washed back by flow of water or carried back 
by a system of conveying belts. These machines have all been, 
however, in the nature of an experiment and have not been 
brought to a state of development where they may be consid- 
ered of practical use. 

In and around New York City during the past decade, 
there has been carried on a very large amount of sub-aqueous 
railroad tunnel construction, in the doing of which there have 
been developed many interesting applications of compressed 
air, special designs of shields and grouting machines, and other 
devices for handling the excavated material and cast-iron plates 
and concrete with which these tunnels have been lined. 


BRIDGES. 


The trend of bridge construction of American railroads is 
altogether toward the construction of permanent structures. 
With the great increase in use of concrete for this purpose, and 
the decreasing timber supply of this country, there are com- 
paratively few timber bridges now being constructed. What 
few frame timber bridges are built are in inaccessible places 
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where it is out of the question, within the limits of economy, 
to bring in steel or other material, and where suitable timber 
is abundant on the ground. 

There is, of course, still being constructed a considerable 
amount of timber trestle work, and outside of the approved 
appliances for driving piles and the pneumatic and electric 
hand drills for drilling holes for drift bolts, there has been little 
development in labor-saving appliances in this work. 

The enormously increasing use of concrete for railroad 
structures has practically revolutionized the branches of rail- 
road construction in which it has been used. Aggregates 
for concrete are far more generally and cheaply obtain- 
able than stone for masonry, and concrete does not require 
the skilled labor necessary for the construction of masonry 
structures; and by the combination of concrete and steel, 
to form so-called ‘‘reinforced concrete’’, the actual quantity 
of concrete required in many structures is far less than 
would have been required if they had been constructed of 
masonry. 

The developments in the art cf making and placing con- 
erete and appliances for same have been many and of varied 
kinds. 

Portland cement has practically entirely taken the place of 
natural cement, which was formerly largely used. Many types 
of concrete mixers have been put in the field, of which there 
are a large number which are entirely practical and economical 
of operation. Likewise, various types of dumping buckets for 
handling the concrete have been devised; and during the last 
few years a considerable amount of concrete has been handled 
from the mixer to the structure by elevating it in a tower and 
dumping it into a chute, through which it flows to the place of 
deposit. 

For the smaller drainage openings on railroads, cast iron 
pipe is probably principally used. Both vitrified earthenware 
pipe and pipes of reinforced concrete are used to some extent ; 
the latter shows an increasing use. 

The increase in locomotive and train loads has required 
increase in the capacity of railroad bridges; and the develop- 
ments in bridge-shop practice and equipment, erecting machin- 


252 CONSTRUCTION METHODS AND EQUIPMENT 


ery of increased capacity and field-riveting appliances have all 
influenced the changes in bridge design. 

Plate-girder bridges are replacing truss spans up to one 
hundred (100) feet or more in length; and there is a growing 
tendency to use riveted bridges for spans up to one hundred 
and fifty (150) feet or more, the considerations being greater 
rigidity and economy, and being made possible by power field- 
riveting machinery and more effective and powerful erecting 
appliances. 

The use of concrete in connection with steel spans, as for 
floors or protection to members, should also be noted. 


TRACKLAYING. 


Economical and rapid tracklaying is dependent upon 
having at all times a supply of the necessary materials, includ- 
ing rails and ties, delivered on approximately the location 
where they are to be used. 

In prairie country where teams can be used for the pur- 
pose of distributing this material, the distribution is accom- 
plished in that way; but in country where it is impossible to 
distribute by teams, some other method must be devised. 

Where the amount of track to be laid is small, the work 
is usually done from a work train and rail ear, handling the 
material from the work train by hand. To facilitate this 
handling, where long stretches of track are to be laid, there 
have been devised tracklaying machines. The general principle 
of them all is to furnish a means of conveying the ties and 
rails ahead of the work train, depositing them approximately 
at the point where they are to be used. 

Generally only one half the number of ties are carried for- 
ward and bridles are used to hold the track to gauge while the 
work train passes over, after which the remaining half of the 
ties are put in place and the track is spiked. By this method a 
well organized crew should easily lay two (2) miles of track 
per day. 

BALLASTING. 


Ballasting, where done on a large scale, is accomplished 
by the use of bottom-dump ears for depositing the ballast 
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alongside or between the rails, after which the track is raised 
with jacks and the material tamped under the ties by hand. 


STRUCTURES. 


As in the ease of bridges, concrete has entered very largely 
into the field of miscellaneous railroad structures, such as sta- 
tions, water stations, shops, ete. 

In many eases, the smaller structures are made as a mono- 
lith at some central plant, loaded onto cars and shipped to the 
place where they are to be used. This particularly apples to 
the switechmen’s houses and similar small structures. 

Some very interesting water stations, including the tanks, 
have been constructed of concrete, and as above stated, where 
permanent structures of this character are to be built, concrete 
is very generally used. 


SUMMARY. 


In reviewing the whole field of the development in rail- 
road construction methods and equipment, it is probable that 
the increasing use of concrete would stand first, after which 
would come the development of the modern explosive as a 
means for easily and cheaply facilitating the movement of the 
large volumes of earth, rock and other material necessary for 
the construction of our railroads. 


DISCUSSION 


Mr. W. J. Ryan*, Assoc. M. Am. Soe. CG. E., stated that on the North- 
ern Pacific Railroad at Mandan, South Dakota, a drag-line fill about 1.5 
miles long was built in the autumn and was not brought to grade till 
the following spring. The material was quite wet when deposited, and 
the freezing and thawing in this interval of time settled it well. He 
felt that had they attempted to bring the fill to grade when it was new, 
it would have been unsatisfactory, because usually a drag-line fill is 
very loose. 

He added that the material was placed in the fill for 6 cents a yard 
for actual labor costs after the plant was installed; while steam-shovel 
work in the same locality was costing 10 or 12 cents per yard for labor. 


Mr. William Hood,** M. Am. Soe. C. E., said that his experience with 
drag-line scrapers has been exclusively where, owing to the swampy 


* Engineer, Snoqualmie Falls Lumber Co., Snoqualmie, Wash. 
** Chief Engineer, Southern Pacific Co., San Francisco, Calif. 
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nature of the ground, it has been impossible to do the work otherwise 
than with a drag-line scraper or with a very long haul and dumping from 
trestles. In such a situation, as between the two methods, the drag-line 
scraper is, of course, very economical. 


Mr. C. F. Loweth, *** M. Am. Soc. C. E., said that he had found 
cableways for the construction of fills economical but not rapid. In 
South Dakota, the Chicago, Milwaukee & St. Paul Ry. had built a fill 5 
miles long and from 5 to 35 feet high, rapidly and economically, with 
several drag lines; but the fill settled slowly and unevenly, and looked 
rough and unfinished from the start and does still. The temptation was 
always to make the berm les’ than it should have been. 


*** Chief Engineer, Chicago, Milwaukee & St. Paul Railway, Chicago, Il. 
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Ninety-eight per cent of the railways in Australia are 
owned by the Governments of the States and Commonwealth, 
and a similar percentage of the construction in progress is 
being carried out by the same publ authorities. 

The railways of Australia on June 30, 1914, had a total 
mileage opened for traffic, as follows: 


Length Standard Gauge 
Miles Kilometres Feet Metres 

Commonwealth .......... 623 1,002 4’ 8%"' and 3’ 6” 1.43508 and 1.06678 

States. 
New South Wales........ 3,967 6,384 4’ 814” 1.43508 
WGUOWSR. ooo kon Sues ocaznceee 3,835 6,172 GS Nad 1.60017 
Queensland) -....22cc.20204- 4,570 OOD roe 1 (ah 1.06678 
South Australia ........ 1,845 2,969 58" and 3” 6” 1.60017 and 1.06678 
Western Australia ...... 2,967 ATT SO 1.06678 
Masmianiar 2-2-4230 * 519 835 BHO Tale 1.06678 

Mo tale pees tess ce 18,326 29,492 


The small mileage of private railways is almost wholly 
connected with mines and sawmills. 

At present there are about 3,400 miles of railways (5,474 
kilometres) under construction, including about 1,150 miles 
(1,851 kilometres) which are being built by the Common- 
wealth Government. 

Railway construction proposals in populated parts are 
usually originated by local agitation, but many large schemes 
which open up new country are initiated by the Govern- 
ments. Government railway projects are reported on by Stand- 
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ing Committees of Parliament after hearing evidence and ob- 
taining expert reports as to first cost, probable revenue, and 
operating expenses. 

In the survey of new lines, the principles of railway loca- 
tion as worked out in America are applied. Short momentum 
grades, and temporary steep grades are used on difficult sec- 
tions, and the lines are regraded when the development of 
traffic justifies the cost. The original location and grading are 
done with this in view. 

Incidentally, it may be worth while to mention that the 
acquisition of the land required for building railways is, in all 
the States except Victoria, carried out by the Constructing 
Authority, and the cost is charged up as part of the construc- 
tion cost. In Victoria, however, the land for new State railways in 
country districts has to be acquired by a local Trust under 
Parliamentary powers, and handed over free of cost to the 
Government before construction work is started. The money to 
pay for this land is raised by a tax levied on all land which is 
enhanced in value by the building of the railway. This tax 
varies pro rata to the enhancement of the unimproved land 
value. In all cases, Crown lands are given for new railways 
without charge. 

The costs of construction are limited to specific amounts 
by the Acts which authorise the lines. Should the limit be 
exceeded, special appeal has to be made to Parliament to au- 
thorise the increased expenditure. 

Two principal methods are followed in earrying out rail- 
way construction, viz: 

(1) Large Contracts. 
(2) Direct Labor. 
(1) Large Contracts. 

The method of construction by letting large contracts was 
the general one from 1854, when railway construction in Aus- 
tralia commenced, till 1892. Since then, it has given place 
largely to construction by direct labor, i.e., by labor employed 
directly under Government supervision. 

The large contracts have been for lengths up to about 100 
miles (161 kilometres) and for amounts up to £2,000,000 ($9,- 
600,000). 


CONSTRUCTION METHODS AND EQUIPMENT IN AUSTRALIA ABV A 


The contracts do not ordinarily include the supply of rails 

and fastenings. These are specially imported in large quan- 
tities and supplied to the contractors. Two steel plants 
equipped for rolling rails have now been started in the State 
of New South Wales at Lithgow and Neweastle, and promise 
to supply most, if not all, requirements when they get into full 
work. Buildings and other items of equipment, such as water 
supplies, are also the subjects of separate contracts. 
The contracts have been in most cases based on a sched- 
ule of rates, the payments being made on the actual measure- 
ment of work done at the rate scheduled. Progress payments 
are made monthly at the rate of 90 per cent on the value of 
work done. Emergent work, for which no schedule rate was 
provided, has been paid at rates fixed by the Chief Engineer. 
It has also been the custom to provide heavy penalties for 
delay in completion of lines beyond the date specified in a 
contract. 

A money deposit of 5 per cent on the total contract 
amount, as arrived at from the estimated total quantities of 
work and the contract rates, is required, and ten per cent of 
the value of work done to date is held back from progress pay- 
ments as further security for the satisfactory completion of 
the contract, until the amount held is sufficient to give full 
security for satisfactory completion. 

The conditions of contracts generally throw all risks on 
to the contractor, and give the Constructing Authorities very 
full powers for making alterations and additions to the work. 

Specifications are usually couched in general terms, and 
only in the case of small contracts do they describe the work in 
detail. 

The schedule to the contract shows the actual quantities 
of work required to be done as shown on the plans, sections 
and drawings, which form part of the contract. The number 
of items in the schedules is large, it being common practice to 
schedule all main line cuttings separately and also all stuff 
required to complete each separate embankment, and many 
contractors quote separate prices for each. In this way the 
number of items in the schedule often runs up to over one 
thousand. As a consequence of the large number of items in 
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the schedule, and the hurry with which contractors usually 
complete their tenders or bids, mistakes in arriving at the total 
amount are often made. It is the practice to keep a contractor 
to the amount shown at foot of his tender, and require altera- 
tions in prices to adjust errors in arithmetic. 

Tenders may be submitted by anyone, without restric- 
tion, so long as the proper deposit of money is made along 
with them; and the practice is to accept the lowest tender, it 
being assumed that all contractors are of equal merit, unless 
they have been formally disqualified, which is very rarely 
done. It would often be more profitable to accept a tender 
from a contractor of good repute at higher cost rather than 
one from an unknown man or one who has given much trouble. 

Contractors often adjust the prices in their contracts, thus 
speculating on the probability of the quantities shown in the 
schedule being exceeded or diminished, and also with the idea 
of getting in their profits chiefly from the items of work which 
have to be first carried out, and so practically having a set-off 
against their money deposit. The conditions of contract give 
power to the Chief Engineer to insist on adjustment of un- 
reasonable prices or he may make a deduction from payments 
to protect the Constructing Authority. 

The critical item of railway construction contracts is usu- 
ally that for ballast, and the question whether the contractor 
shall make large profits or lose money on his contract often 
hangs on the opinion of the Chief Engineer as to whether bal- 
last from a certain source complies with the specification. 

In carrying out the contracts there is often much delay, 
as contractors think it pays them to wait over wet seasons or 
for a fall in market prices of materials, and take their chance 
of obtaining a remission of penalties for delay. In actual ex- 
perience, the penalties have seldom been enforced, and the 
effect on contract work has been bad. 

It has been the general practice to provide for a settle- 
ment of disputes which arise in settling up contracts by arbi- 
tration. The results of arbitration have been unsatisfactory. 
Contractors in many cases took up railway work at non-paying 
prices, either through ignorance of the value of the work or 
in the hope of making up losses by claims for extras and con- 
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cessions. In such cases, and in many others where the con- 
tractors had good prices, enormous claims for extras and 
allowances were made, and very heavy expenses were incurred 
in investigating or resisting and contesting such claims, and 
very large awards were in many cases made in favor of the 
contractors by irresponsible arbitrators. 

In Victoria alone in a period of 10 years, seventeen con- 
tracts for 384 miles (618 kilometres) of railway, aggregating 
a cost of £1,320,904 ($6,340,339) under the Chief Engineer’s 
final certificate, went to arbitration. Extra claims amounting 
to £416,594 ($1,999,651) were made by the contractors, on 
which the arbitrators awarded £111,993 ($537,566). The ex- 
penses incurred and paid by the Constructing Authority in addi- 
tion came to £30,000 ($144,000). Other States had similar, 
and even more serious, experiences. 

An appeal to the Supreme Court was also made by con- 
tractors on the ground that the powers given to the Chief 
Engineer by the conditions of contract were excessive and 
inequitable, but the Court held that when a contractor had 
signed the conditions with his eyes open he was bound by 
them. In recent years the Chief Engineer has, in some cases, 
been made sole arbitrator, and this practice has, on the whole, 
worked well. The Chief Engineer, in such cases, holds him- 
self aloof from direct supervision of details of the contract. 
(2) Direct Labor. 

The difficulties and large expenses incurred in the settle- 
ment of contracts, the frequent long delays in completion of 
contracts, the desire to obtain more economical railway con- 
struction, and the wish to start works promptly in times of 
depression when large numbers of unemployed men are in 
want of work, led to the introduction of the Direct Labor 
system in Victoria in 1892, and since that date it has been used 
for all railway construction in Victoria, and largely followed 
in the other States of the Commonwealth, where, however, the 
practice has oscillated between the two systems—large con- 
tracts and direct labor—with a gradual increase in the pro- 
portion of direct labor work. 

The work in Victoria has been under the direct supervis- 
ion of the author, first, as Assistant to Francis Rennick, the 
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late Engineer in Chief, and for the past 12 years, as Chief 
Engineer for Railway Construction in the Department of 
Railways. 

The following notes apply particularly to the working of 
the Direct Labor system of construction in the State of Vic- 
toria. The practice in other States has been similar in most 
respects. 

All expenditure is charged directly to the money voted for 
the particular line. A strict, continuous audit is made by an 
outside auditor. 

All the work has been completed to the satisfaction of the 
Railways Commissioners in whom the lines are vested for ope- 
ration on their completion, except in one case where the esti- 
mated cost had been cut down by Parliament against the 
advice of the Chief Engineer. 

This system has been tested on two occasions by calling 
for tenders or bids for 30-mile (48.28 kilometers) sections of 
construction. On the first occasion the lowest tender received 
was 10% higher than the Departmental estimate. It was re- 
jected and the Department carried out the construction of the 
line by direct labor, and finished it at a cost below its own 
estimate. In the second case, a tender was received which was 
134% lower than the Departmental estimate, but after investi- 
gation it was decided not to accept the tender, and the line 
was built by direct labor at a lower cost than if the contract 
had been accepted. 

As a further check on the cost of the work, numerous 
tenders for items, such as earthworks and bridges, have been 
called for from time to time for works up to about £10,000 
($48,000) in value, and whenever bids were obtained which 
were not appreciably higher than the Departmental estimate 
these tenders have been accepted. <A large proportion of these 
contracts turned out unsatisfactorily through the contractors 
failing to complete them, or being much behindhand in com- 
pleting them, thus causing interference with other work. 

The writer had freely expressed from time to time his 
opinion that when a change of conditions, bringing higher 
wage rates and a curtailed supply of efficient labor, arrived, 
the direct labor system would be more difficult to work, and 
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as these conditions arrived and the wage rate for laborers in- 
creased from 5/— ($1.20) per day of 8 hours to 9/-— ($2.16) 
the advisability of a return to the ‘‘large contract”? system was 
frequently considered, but it has been found that, while the 
cost of direct labor work hag increased under these conditions, 
the cost of contract work has risen quite as much, and the 
former system has continued in full use up to the present. 

The length of railroad built by direct labor in Victoria 
has been 1,239 miles (1994 kilometres), with an expenditure 
of £4,198,190 ($20,151,312). The number of lines constructed: 
has been 56, and the cost per mile has varied between £1049 
($5035) and £85,560 ($410,688). 

In carrying out work under the direct labor system, an 
Engineer is placed in control of the job, with suitable assist- 
ants, including a Pay Clerk, who acts as his accountant and is 
directly responsible to him, while he is responsible for the 
whole of the work, including all money payments made on the 
job. His duties thus cover a large scope, as he is Manager of 
the work as well as Engineer, and great care has to be exer- 
cised in selecting new men for the positions. Those who have 
made the best records have been trained in the service. 

Drawings and specifications for the work are issued to the 
Engineers in charge from time to time as required. 

The Department has often been called on to commence 
work under urgent conditions. The quickest record for start- 
ing work was made on an occasion when authority to proceed 
with construction was given, and a survey party and an en- 
gineer to take charge were sent to the work on the same day; 
one hundred men were sent to the work two days later and 
employed immediately. In this case, the first portion of the 
line was in easy. country, so that the permanent location of a 
piece of the line could be marked, the section plotted and 
graded, and earthworks set out in 48 hours. 

In employing workmen it is usual to put on suitable men 
who make application on the spot. Experienced railway work- 
ers find their way to new works in considerable numbers. 
When, however, the supply of these is not sufficient, requisi- 
tions are made on the Government Labor Bureau. 

The men are provided with tents and cooking utensils, for 
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which they have to pay in instalments. Laborers have to pay 
for their own shovels and tradesmen have to provide their own 
small tools or pay for them; other tools are provided by the 
Department. The tents and tools supplied are not taken back 
from the men, except in cases where they leave before they 
have earned sufficient money to pay for them. 

The climate of Victoria, and in fact of Australia, too, 
allows outdoor work to proceed all the year round; the great- 
est hindrances it makes being due to occasional heavy rains 
in winter near the coast and great heat and dryness inland in 
the summer. 

Piecework is used as far as it can be applied to advantage. 
Simple work, such as barrow-led earthwork and bridge car- 
pentry is done by gangs working at fixed rates, while work 
requiring the use of horses and plant is generally let in petty 
contracts made locally with men on the works. The piece- 
workers and petty contractors sign a simple form of contract, 
which gives power to the Engineer-in-charge to stop the work 
at 24 hours’ notice for any good reason. 

When a local contract is taken up by one man, who em- 
ploys other men, the form of contract provides further that his 
employes are to be paid directly by the Department at standard 
wage rates, and the amounts of such payments are deducted 
from the amount coming due to the contractor. Offers to 
carry out work at prices so low that there is no reasonable 
prospect of the contractor’s earnings being sufficient to pay 
standard wages are rejected. 

Fixed rates are arranged at the Head Office and are 
adjusted from time to time so that efficient, industrious men 
may make standard wages or a little more. Piecework men 
who fail to make earnings up to standard wage rates after 
a fair trial, and wage men who fail to work efficiently, are 
promptly dispensed with, the aim throughout being to pay 
prices which are fair both to the worker and the employer and 
to get a fair day’s work for the day’s pay. The Construction 
Acts require that the average earnings of the workmen as a 
body shall be not less than the standard wage. For the adjust- 
ment of piecework rates, test trials are made from time to time 
with gangs of men of average efficiency, working under capable 
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supervision on day wages. The actual earnings of pieceworkers 
are analysed and compared, both on individual jobs and 
between different lines, regularly. 

There is an increasing tendency to do more of the work 
with gangs employed on day wages. These gangs, when under 
the control of capable gangers, working under effective super- 
vision, and with a regular weeding-out of men who do not 
work efficiently, do good werk, and, in many cases, do the 
work at rather less cost than pieceworkers. 

All the work, whether done by the piece, by contract, or 
by day labor, is measured up fortnightly and the costs com- 
pared with other work, so that inefficient gangs may be 
promptly dealt with. 

The hours of work in Victoria are 48 hours per week, 
which has to be worked at the rate of 8 hours on each week 
day in two shifts of 4 hours each. The starting and stopping 
times are the same throughout the job, except when specially 
authorised otherwise by the Head Office. Overtime and Sunday 
work are discouraged. 

A thorough system of time-keeping is kept in operation, 
and includes the apportionment of the time to the different 
items of work in a rather elaborate schedule of apportionments, 
including sufficient information for an analysis of costs. As 
an example, the items in connection with a cutting are as 
follows: 


Ganger 

Ploughing 

Explosives 

Getting, filling and trimming 

Leading by ............ (average lead. ........... chains) 


Tipping and trimming bank 
Carting fodder and water 


The workmen are paid fortnightly, but necessitous men 
who are taken on receive advances during their first fort- 
night’s employment, up to an amount of 10/—($2.40) per 
week, as they earn it, in order that they may buy food. After 
the first fortnight, no further advances are made. This is done 
in order to put the workmen in the position of being able to 
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pay cash for all the purchases that they may have to make 
from the purveyors of rations, who usually visit the works two 
or three times a week and compete with one another for the 
men’s custom. All storekeepers and others selling goods to 
employes are advised not to sell on credit, though they fre- 
quently do so to their sorrow. In remote localities the men 
are supplied with rations by the Constructing Authority and 
charged cost price. 

Steel girders, bolts and spikes, sawn timber, fencing wire, 
explosives, bricks, cement, and other materials are obtained by 
public contracts for the separate items. Sleepers, timber fence 
posts, piles, telegraph poles, and parts of the bridge timber are 
obtained by petty contracts let to small parties of timber 
hewers, who deliver at the nearest point of a railway to the 
forest and are paid in cash on delivery. 

The standard rates of wage at present current are as 
follow: 


Sarde 

Conenetes Wa borers yea 9/6 ($2.28) per day. 
aD ORES ee kee arte ee eee ee ee 9/= *($2.16) eo Ses 
liealdin VEL ans ye ee ee 10/— ($2.40) <* * 
Batter Men 

Tip Men First class men only... 9/6 ($2:28)) “46. ae 
Jumper Men 

Platelayerg” si 2 ee ee eee VAR GHEE SD ee 
Ploughmen—Picked men ......00...2.-.-------- 9/6 ($2228) Ae ae 
Blacksmiths eee see ae eee TAS CS2.82)) eo 
Bricklayers ..4.4 050. ee eee 1Wf= ($2.84) «© « 
Carpenters—Bridge work: -...........-.--0------ LI (CS2S 4s Ie 
INDE OS's ixena ey Le)  e 1/4% ($0.33) ‘* hour. 
IP aI LeiSia =k. Mas ren ee e II/— \($2:84)) "day, 
Gangers—Ondinarya LO (CS2:4.0)) 5 eae oe 


(or as specially approved) 
Horse, Tip Dray and Adult Driver........ 14/6 ($3.48) ‘fe «6 
[Driver 9/— ($2.16), horse and dray 
5/6 ($1.32); each extra horse 5/— 
($1.20). ] 


The staff in charge of a construction job is provided with 
quarters in temporary buildings and tents, and the Department 
provides the cook and mess equipment. In return for these 
concessions, the members of the staff are required to be avail- 
able at any hours which the Engineer in charge may desire, 
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but any officer who is kept on duty over an extended period 
for long hours can apply for and be allowed time off in con- 
sideration. The organization of the staff is shown in the Ap- 
pendix. 

Very large piecework gangs have been worked from time 
to time on heavy excavation work by fixing a piecework rate 
and placing a competent foreman over the men to direct their 
operations and to see that they work efficiently and pull to- 
gether. The extra output obtained in this way often more than 
pays the foreman’s wages. 

The Direct Labor system has shown the following ad- 
vantages : 

(1) A saving in time. 

The period required under the old contract system for com- 
pleting surveys, plans, quantities, specifications, and drawings, 
advertising and letting contracts, which extended over many 
months, has all been saved, and the expense so incurred largely 
reduced; also, the actual work of construction has been car- 
ried out, on the average, in about two-thirds of the time taken 
by contractors. Work is often started on the heels of the 
surveyors who locate the line. 

(2) <A saving in cost. 

Instead of a contractor paying a staff to carry on the work, 
while the Department paid another staff of officers and inspec- 
tors to supervise them, one staff under the Department now 
does all the work, while the workmen do the work as well and 
as cheaply for the Government as for a contractor, when 
properly handled. 

The contractor’s financial and commercial arrangements 
were often badly made and caused loss to him, and loss and 
trouble to the Constructing Authority. The percentage in- 
cluded in the contractor’s prices to give him a profit is saved. 
Money with which to carry on the work is obtained by the Gov- 
ernment at half the rates of interest which contractors often pay. 

The heavy claims which were made in connection with 
large contracts and only settled with great expense and trouble, 
often by tedious and costly arbitration, are quite avoided. 

Partial stoppages of work, shifting of station sites, and 
alterations of design, which usually led up to the large claims, 
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are now made more freely and, in most cases, have only small 
effect on the cost of the works; while other unforeseen con- 
tingencies are dealt with promptly and easily. Full advantage 
is taken of cheaper materials discovered when carrying out 
works, and of fluctuations in market rates. Modifications in 
design and execution are freely introduced when economy or 
efficiency may result. Contractors, when tendering, had to 
make large allowance for providing plant, including locomo- 
tives and trucks, which might be left idle on their hands, with 
poor opportunities of realising at reasonable prices, and, in 
many cases, made shift with very inferior wasteful plant in 
consequence. Under the Direct Labor system, all construction 
in the State being done by one party, better plant is provided 
and it is more regularly utilised, the cost for any individual 
line being thus largely decreased. 

(3) Other advantages which apply to Government 

work are: 

That it has been possible to distribute employment system- 
atically and fairly among the unemployed workers of the State, 
and also to secure payment of standard rates of wages with- 
out the difficulties which have occurred in enforcing the mini- 
mum wage clause under contracts. 

Generally speaking, the men have worked contentedly. 
Complaints from them have been fewer than might have been 
expected and have been fairly met and dealt with. In twenty- 
three years there has not been one large strike, and occasional 
small ones have been handled easily till they fizzled out. 

In comparison with contract work, the Departmental Offi- 
cers may not have the stimulus of inereased profit to urge them 
on to strict economy and keep them keen in reduction of costs, 
but with diligent, effective supervision and control by com- 
petent officers, the efficiency of working is little, if any, behind 
the average of contract work. 


EQUIPMENT. 


The equipment of plant and tools for railway construction 
work in Australia has been supplied chiefly by importation 
from older countries, and there is not much that is new or 
original to describe. 


oe eee p a 
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Locomotives of American type being more suitable for run- 
ning on unfinished tracks and roughly laid temporary sidings 
than the stiffer engines of English and European design give 
the best satisfaction. 

For work trains, a truck designed in Victoria with body 
33 feet (10 metres) long, built with low hinged sides, sunken hop- 
per and trap doors for ballasting is giving much satisfaction. It 
is easily adaptable for carrying rails of standard lengths. Bal- 
last trucks of the ‘‘Rodger’’ pattern are also used. Many old- 
fashioned four-wheeled trucks are still in use and are very 
handy for jobbing work. 

Ballast ploughs are used to a small extent. 

Steam shovels of both American and English makes are in 
use In comparatively small numbers. Much of the construction 
requires only light earthworks, which do not give scope for 
them. Heavy cost of transport beyond the rail head, difficulty 
in working them in single line cuttings, and in training men to 
handle them effectively have also checked their use. 

Ballast loaders of different types have been used, but, 
owing to their limited reach for picking up the ballast, have 
not become general. 

In a country where work can usually proceed all the year 
round, and the conditions seldom require the laying of so much 
as one mile of track per day, there is not much scope for track- 
laying machines. Two machines of the Roberts pattern are in 
use on a transcontinental line of 1,063 miles (1,711 kilometres) 
in length. 

In districts similar to the American prairies, grading ma- 
chines, wheel scoops, drag scoops, and buck scrapers, usually 
of American manufacture, are used. The long, heavy English 
ploughs are giving place to American ploughs with short steel 
beam and mould board. 

The two-wheeled tip dray, holding about nine tenths of a 
cubic yard and drawn by one horse with a driver to each dray, 
is holding out against the four-wheeled dump wagons of larger 
capacity drawn by two horses, on account of its handiness. The 
dump wagons have been introduced and used to a small extent 
in work which best suits them. Wages have increased lately 
and it is expected that this will lead to their more general use. 
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Long leading of stuff is often done with muck wagons of 
the fiddlestick pattern running on temporary track and drawn 
by horses. They hold from 21% to 314 cubic yards (2 to 3 eubie 
metres) and are tipped at speed by running against a bumping 
log, the pedestals lifting right off the hind axles. Small steel 
wagons of two-feet gauge running on light rails, with trays 
holding three quarters of a yard and tipping on either side, are 
much used. They can be easily altered to tip at the end of the 
track. They are drawn in rakes by horses and give better re- 
sults than tip drays on much of the work, especially on the 
longer leads. 

In small tools there is little of special interest to note. 
The old English No. 4 navvy shovel is practically standard. A 
shovel with a straight handle about five feet (1144 metres) long 
is used for throwing earth up high lifts, but its superiority over 
the short handled shovel is doubtful. 

Bridge foundation and erection plants are of patterns 
evolved in other parts of the world. 

Pile driving is usually done by an iron.monkey weighing 
about thirty hundredweight (1527 kilogrammes) hoisted by a 
steam winch and tripped by hand to fall about ten feet (3 metres). 
Steam pilehammers are little used, if at all. 

Stone crushers of both the parallel jaw and gyratory type 
are used, and the latter are increasing in favor. 

In track work, track jacks with ratchet and pawls made 
locally are found useful. Packing of rock ballast is done with 
a beater, which is like a double-ended pick with one end T- 
shaped, with a flat face about 21% inches by % inch (.064 by 
.0023 metres). 

This is preferred to a tamping bar, as the wide spacing of 
the hardwood sleepers, 2’ 9’” to 3’ 0’” (.838 to .914 metres) 
centres, and their depth of only five inches (.127 metres) give 
room for the beater to drive the ballast well in under the 
sleeper. 

Sleeper adzing and boring are done with machines de- 
signed locally to suit the hard timber in use. The sleepers pass 
over revolving cutters, which cut the rail seat to a cant of 1 
in 20 and are then turned over and the spike holes bored with 
augers which descend from above. 
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Note.—On the date of mailing the above, it is just an- 
nounced that the New South Wales Government has made a 
contract with an English firm to carry out railway construc- 
tion works to the value of £10,000,000 ($48,000,000). 

The exact conditions are not yet made public, but negotia- 
tions in another State with the same firm were on the proposed 
basis of an estimate to be agreed upon by both contracting 
parties, the work to be carried out to the satisfaction of the 
Government Engineer, the Contractor’s books to be the subject 
of audit by a Government Auditor, and payments to be made 
on his certificate. If the work cost more than the estimate, the - 
payments by the Government were not to exceed the estimate; 
and if the work cost less than the estimate, the Contractor was 
to be paid the actual cost, plus half the savings. The Con- 
tractor was to receive, in addition, a remuneration of 714% 
on the estimate, and to accept payment in Government de- 
bentures at a price valued at a rate per £100 to be agreed upon, 
and to enter into a bond to keep the debentures off the public 
money market for a fixed number of years. 
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APPENDIX. 


ORGANIZATION OF RAILWAY CONSTRUCTION BRANCH 


VICTORIAN RAILWAY DEPARTMENT. 
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ns The Services of the Chief Accountant to the Railways Commissioners, 
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* Conveyancing and law work are carried out by the Crown Solicitor 
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TUNNELS. 


By 


CHAS. S. CHURCHILL, M. Am. Soe. C. E. 
Roanoke, Va., U. S. A. 


INTRODUCTION. 


The construction of tunnels in America in recent years 
has been much more rapid than is indicated by the increase 
in the mileage of the railroads themselves. Their need has 
arisen from three causes: 

1 From the construction of new railroad lines 

2 From the improvement of alignment and grades; also 

in connection with the double-tracking of existing 
lines, and enlargement of sections that are consid- 
ered small 

3 From the construction of important terminals 


While those of the first and third classes are generally 
described in the various engineering publications, many of 
those included in the second class, which are the greatest in 
number, do not appear. For example, on a railroad having a 
present length of a little over two thousand miles, there were 
added since 1904 for the construction of branch lines twelve 
tunnels having an aggregate length of 7863 feet, the maximum 
length of any single tunnel being 4770 feet; while those added 
in connection with double-track and improving lines and on low 
gerade lines numbered thirty-two, having an aggregate length 
of 32,251 feet, the maximum length of any single tunnel being 
3291 feet. 

Some examples of tunnels constructed for these reasons, 
and coming under the second class, are: 

The Snoqualmie tunnel through the Cascade mountains 
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(Chicago, Milwaukee & St. Paul Ry.), 11,890 feet long. Com- 
pleted January, 1915. 

The Rogers Pass tunnel on the Canadian Pacific Railroad, 
which will be a double-tracked tunnel five miles in length, the 
work on which was begun in 1913. 

The Nicholson tunnel, on the Delaware, Lackawanna & 
Western Railroad, a double-tracked tunnel 3630 feet long, to 
be completed early in 1915. 

Examples of the third class are the Seattle tunnel, which 
is a double-tracked tunnel for terminal purposes at Seattle; 
length, 5141 feet; completed in 1905. 

The Mount Royal tunnel, on the Canadian Northern Rail- 
road, Montreal, Canada, which is a double-tracked tunnel hav- 
ing a length of 17,000 feet, built for the purpose of entering 
the terminal station at Montreal. Completed in 1914. 

The tunnels under Bergen Hill, North River, City of New 
York, and East River, which provide entrance into New York 
for the Pennsylvania Railroad System, and which have been in 
operation for some time, are built for two or more tracks for 
a length of 27,052 feet. 

The American Railway Engineering Association in its 
Manual of 1911 publishes therein, as representing good prac- 
tice for new construction, single-track tunnels 16 feet wide, 
with a clear height from base of rail of 2214 feet; double-track 
tunnels to furnish the same clear width outside of each track 
and the same height over the center of each track. The tunnels 
constructed during recent years approach these dimensions 
where steam locomotives are used exclusively, but where elec- 
tric power is used, much smaller cross-sectional area is followed 
in good practice. The Mount Royal tunnel referred to, at 
Montreal, and the Pennsylvania tunnels in New York present 
examples of these. 

With the rapid increase in the use of electric power, it is 
probable that not only will it become unnecessary to widen 
many existing tunnels, but tunnels that are built in the future 
will be of this smaller cross-sectional area; such, for example, 
as the single-track section of the Pennsylvania tunnels in New 
York, which has 225 square feet of area above the track. It 
may be said, therefore, that so far as dimensions of crogs-sec- 
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tions are concerned the art of tunnel design is in a state of 
transition, in that those dimensions depend upon the probable 
style of power that will hereafter be used. 

The methods of constructing tunnels, involving elements 
that make up the cost thereof, have also been in somewhat of 
a transitional state during recent years on account of the effort 
of every party interested therein to secure their construction 
at a comparatively high rate of speed and still at as low a total 
cost as practicable. The brief outline which follows, of the 
methods used in constructing a number of recently built tun- 
nels, has been compiled in order to call attention to, and bring 
out discussion of, the different typical methods of construction 
that have been followed in recent years, under the usual vary- 
ing conditions met with in tunnel work—methods that have 
been used, primarily, for the purpose of securing speed, com- 
bined with safety, economy in construction, and the best means 
for securing proper ventilation. 

In this outline, the areas of cross-sections are given, and 
the number of cubic yards of material removed per foot of ad- 
vance of both heading and entire tunnel section are recorded, 
together with the rates of progress, in order that a correct com- 
parison may be made of all the results secured under each 
method of procedure. 


SNOQUALMIE TUNNEL. 


On Change of Line at Snoqualmie Pass, Cascade Mountains, Sixty Miles 
East of Seattle, Washington; Chicago, Milwaukee & St. Paul Ry. 


Sinele-track tunnel, 11,890 feet long, opened for traffic in 
January, 1915. Length of new line, including tunnel, 4.5 miles. 
The object of building this tunnel is to shorten length of line 
3.7 miles; reduce Summit Hill, and eliminate 443.5 ft. of rise 
and fall (made up of westbound 4.7 miles of 2.2% erade, east- 
pound 4.4 miles of 2.75% grade); to cut curvature 1239°; to 
decrease snow trouble resulting from a fall exceeding fifty feet 
in some seasons; to reduce pusher service to a minimum and 
save in operating cost. 

For the greater portion of the distance the bore passes 
through bodies of massive black slate, intercepted by compara- 
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tively thin strata of grey quartzite, blue conglomerate and an 
andesite dike; all of which dip to the east with an angle of 
approximately 75 degrees to the horizontal. The formations 
are generally shown on Plate I, which also shows the location 
with plan and profile of tunnel. 

Plate II shows method of excavation and plan of doing the 
work. 

Plate III shows the completed cross-section of tunnel. 

The width of the completed tunnel section is 16 feet; area 
to subgrade, 352 sq. ft.; area above track, 337 sq. ft.; crown of 
arch to base of rail, 22 ft. 5 in. (see Plate III). Average section 
excavated, about 517 square feet, making about 19.2 en. yds. 
per foot of tunnel. Owing to the nature of the ground—there 
being much debris, fractured rock and water—the 436 ft. of 
the west end of the tunnel were driven by the top heading 
method, and enlarged and timbered to a standard section to 
allow concrete lining without removal of the timber. The re- 
mainder of the work from the west end was done by the bottom 
heading method, which was considered most economical, as 
providing means for trapping material from above directly into 
cars in the completed heading, and because progress in removal 
of the balance of the section was not dependent upon the use 
of shovel. 

A heading 8x13 feet, requiring removal of about four cubic 
yards per foot advance, was driven at subgrade and along the 
north line of the tunnel section and was kept from 1000 to 2000 
feet in advance of the bench, the distance varying with the 
progress of the bench, which was dependent upon the labor 
situation. The order of procedure is shown on Plate II. 

Work in the heading was earried on continuously, the crew 
consisting of three shifts of four machine runners, four helpers, 
ten muckers, two nippers and two shift bosses. The runners, 
helpers and muckers worked six-hour shifts, laying off twelve; 
the nippers and shift bosses worked twelve hours. 

Fourteen to thirty 9-ft. holes were drilled for each shot, 
depending on rock encountered, the drills being mounted on a 
cross-bar four feet above subgrade, four holes being drilled 
below the bar, acting as lifters, and all others above the bar. 

Average break per shot was about 6.1 ft.; average time 
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between shots, 15.5 hours; and average daily progress, 9.5 ft.; 
maximum progress in any one day having been 25 ft. 

These figures are averages for the entire distance of west 
heading; however, under favorable conditions a shot was fired 
about every twelve hours, the time being divided about as 
follows: 

Two and one-half to three hours breaking down roof and 
mucking back; seven hours setting up cross-bar, drilling and 
mucking out; one hour taking down, clearing and shooting; 
and one hour waiting for the heading to clear of the gases. : 
Many exceptions to the above were encountered, an example 
being the andesite dike where twenty-four hours were taken 
to drill one round. 

Before a shot was fired, steel shoveling sheets were laid 
on the floor and up against the face of the heading so that the 
muck, which was broken finely, could easily be shoveled to the 
low heading cars of one yard capacity. 

All heading work was considered ‘‘preferred’’ and carried 
a bonus to all directly connected; a bonus of one hour’s time 
being given for each foot over ten feet per day, bonus paid 
every ten days. 

Following the advance heading a crew winged it to full 
tunnel section width, after which the trap or stoping timbers 
were placed. Bench openings were then driven to full tunnel 
section at intervals of a hundred and fifty feet, from which the 
bench was worked both ways. As a usual thing, the entire 
face was drilled and shot at one time, in that way giving the 
machine runners and muckers continuous work in each stope. 

Average progress on the west-end bench was 7.7 feet per 
day; however, this cannot be taken as a criterion as to what 
speed could be obtained, as the bench work was held up for 
some time due to the fact that the work was carried on with a 
limited payroll, and when labor was scarce the heading was 
pushed at the expense of the bench progress. 

Several timbering schemes were used; the first 436 feet at 
the west end was standard tunnel timbering, to be concreted 
in place; the remainder of the work had stoping timbers, to 
take out the bench, and where the roof was at all treacherous, 
an ‘‘A’’ frame was built up from the stope bent and the roof 
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held by crown bars, all to be removed ahead of the concreting; 
where the roof was good, the stoping timbers were taken down 
and moved ahead. ‘‘A’’ timbers were used from Station 10 
to Station 26; remainder of tunnel, except in a few places, was 
not timbered, as the lining work followed the bench closely. 

Work at the east end of the tunnel was not started until 
in 1913, and due to the fact that the approach cut was not 
completed the tunnel was driven by the center top-heading 
method. The amount excavated per foot advance in heading 
averaged about 2144 yards. The heading was winged to the 
wall plates; shafts were sunk to subgrade at several places and 
bottom drifts run both ways so that when the approach cut 
was complete the bench material could be stoped out, as on the 
west end, the material being used to make the fill for the rail- 
road yard at the east end of the tunnel. 

Driving data, west end, are as follows: prior to April 26, 
1912—436 feet top heading. June 1, 1912, to August 4, 1914— 
6971 lineal feet of bottom heading. Average per day, 9.5 feet. 
Maximum progress per day, 25 feet; 77 days shut down to wing 
out. Average progress per shot, 6.1 feet. Average time be- 
tween shots, 15.5 hours. Maximum monthly progress (March, 
1913), 455 lineal feet. 

Driving data, east end: May 1, 1913, to August 4, 1914— 
4483 lineal feet of heading. Average per day, 10 lineal feet. 
Average progress per shot, 5.4 feet. Average time between 
shots, 13.1 hours. Maximum monthly progress (September, 
1914), 433 lineal feet. 

Bench progress for the west end is as follows: average 
progress, 7.7 feet. Maximum monthly progress (November, 
1914), 658 lineal feet. For the east end: average progress, 10.3 
feet. Maximum monthly progress (November, 1914), 644 lineal 
feet. 

Dynamite used per foot advance of tunnel, 5514, Ibs., cost- 
ing $8.27. Quantity of dynamite used per cu. yd. of tunnel 
excavation, 2.8 lbs. 

While the rock encountered was hard and unaffected by 
weather, it was so stratified, fractured and filled with soft 
tale seams that lining throughout was a necessity. The lining 
section is shown on Plate III, a comparatively simple section 
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Plate II. C. M. & St. P. Ry., Snoqualmie Tunnel. Timbering Schemes and Stages in Excavation and Construction. 
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Plate III. C. M. & St. P. Ry., Snoqualmie Tunnel. Cross Section and Retreat Details. 
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Plate IV. 
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to build, and conerete was easily placed from the high-line 
timbers. Concrete lining in the tunnel averages about 6.1 cubic 
yards per lineal foot. 

The main concrete plant, capable of handling 150 cu. yds. 
of concrete in a day of ten hours, was built outside the tunnel 
at the west end, and the work of concreting from the west end 
progressed while tunnel excavation was in progress. Concrete 
work at the east end was started as soon as sufficient full sec- 
tion was excavated at that end. The east heading struck some 
bad ground, and to save timbering, the arch was concreted 
from the east concrete plant before the bench was removed, 
and in so doing a great saving was made in cost of timbering. 

Ventilation at both ends of the work was accomplished by 
exhaust method, a large fan in the power house being con- 
nected to a 2-ft. ventilation pipe that opened at the end of the 
enlarged section. In addition to this, an auxiliary plant at 
-each end forced air into the heading through a 10-inch pipe, a 
canvas section being used within 100 feet of the face to allow 
its quick removal at time of firing a shot. 


SANDY RIDGE TUNNEL. 
On Elkhorn Extension of Carolina, Clinchfield & Ohio Ry., at Dante, 
Virginia. 

Single-track tunnel, which was completed in 1914; length, 
7804 feet. The permanent lining of the tunnel is in progress. 

Plate IV contains a profile of the tunnel showing the line 
of cleavage between sandstone and slate, the two materials 
mostly encountered. It also shows the monthly progress from 
the time the excavation was started, in October, 1912. Sketches. 
on Plate V indicate the method of excavation adopted, the top 
center heading system having been used, working from each 
end of the tunnel. 

The minimum width of the lined tunnel section will be 
eighteen feet; maximum, nineteen feet. The minimum square 
feet of area is 364; maximum, 378. 

The average area of the excavation made, including falls, 
was 625 square feet, requiring the removal of 23 cubic yards. 
per lineal foot of tunnel. 

The average area of heading removed was 85 square feet, 
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or 3.1 cu. yds. per lineal foot of tunnel, but where timber lning 
was required the excavation of heading material was increased 
to 6.5 cu. yds. per lineal foot of tunnel. 

The area of the sub-bench removed averaged 132 square 
feet. The work was planned to keep the sub-bench about 8 
feet behind the heading; and the drilling to progress in such a 
manner that the holes in beading, in the sub-bench, and the 
full bench could be fired in a series of shots that would result 
in an advance of the full tunnel section of from 7 to 8 feet. 

Figure 1, on Plate V, illustrates the methods of drilling 
and shooting. Ordinarily, 22 to 24 holes were placed in the 
heading, using the V-cut method. Twelve-foot drills were run 
in the cut holes, starting about eight feet apart at the face of 
the heading and bottoming from 12 to 18 inches apart. Ten- 
foot drills were run in the side rounds. From seven to eight 
feet were removed as a result of one blast. Two rows of verti- 
cal holes, twelve in all, were drilled in the sub-bench, the length 
of drills being eight feet. Four holes were drilled in the full 
bench, with two side holes at times. The two center holes were 
sprung three times, and the side holes twice, to form a powder 
chamber. All other holes were shot straight. This method of 
springing full-bench holes is responsible for some additional 
breakage in the side walls, but was adopted in order to secure 
the greatest possible rate of progress. Up to September, 1913, 
the benches were carried immediately behind each heading, and 
a weekly progress of 45 feet was made in each end of the tun- 
nel. In September, 1913, the bench was kept 80 feet behind 
the headings. This method was followed until February, 1914, 
making a weekly progress of 50 feet at each end of the tunnel. 
At this date it was decided, on account of ventilation, to stop 
work on benches temporarily and drive the headings alone. 
This course was followed, the headings meeting on May 20, 
1914. Work was resumed on the benches in May, 1914, and 
excavation was completed in November, 1914, notwithstanding 
more temporary timbering was required than anticipated. 

The work in this tunnel was in progress almost continu- 
ously, the men being under pay about 22 hours per day for six 
days in the week. The labor worked in two shifts of ten hours 
per day. 
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In the excavation the contractors averaged about 700 lbs. 
of 60% N. G. dynamite for each round, or shot, to secure an 
advance in the full tunnel section of from 7 to 8 feet. The 
best progress made in one week was in January, 1914, when 
a total of 130 feet of heading was removed in six days, and 147 
feet of bench. 

When heading alone was driven, the best progress made 
in any one week of six days was in March, 1914, when 169 feet 
of headway was made. The best progress made in bench, after 
heading had been completed, was during one week in July, 
when 177 feet of bench was excavated in six days. 

The material removed during excavation was largely used 
in making fills, the longest haul from the north end being 5600 
feet, and 2800 feet from the south end of the tunnel. 

Electric current taken from a coal operation furnished 
power to air-compressor plant, compressed air having been 
used for operating all drills, shovels, ete. 

The first 2000 feet of tunnel from the portal was taken 
out without ventilation, other than the exhaust from the drills 
and shovel. After these points were reached a pressure ex- 
hauster was installed near each portal, with a capacity of 3500 
cubic feet per minute. These fans drew the smoke and gases 
from the tunnel through a fourteen-inch galvanized ventilating 
pipe, which was carried along the bottom of the tunnel to a 
point near the rear of the shovel. This method was followed 
until the heading was completed, after which the natural ven- 
tilation was satisfactory. 

A permanent ventilating plant will be installed at the 
upper, or south, portal, driving fresh air through the tunnel 
to the north end. 


NICHOLSON TUNNEL. 


On Change of Line, Clark’s Summit to Hallstead; Delaware, Lackawanna 
& Western Railroad. 


Double-track tunnel, lining to be completed early in 1915. 
Length, 3630 feet. Figure 1 shows a longitudinal section of 
tunnel, with location and dimension of the shafts that were 
used during construction, and which will be permanently lined 
and used for ventilating purposes. The rock met with was 
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blue and grey sandstone, horizontally stratified, with soft ma- 
terial between the stratifications. The earth met with in the 
tunnel was heavy clay and gravel. The sectional area of arched 
tunnel down to subgrade is 660 square feet; sectional area 
above the track being 608 square feet (see Figure 4). The 
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Fig. ou. 


total area of the excavation removed approximated 964 square 
feet, equivalent to 35.7 cubic yards per lineal foot of tunnel. 

The work was started by sinking Shaft No. 2, September, 
1912, the excavation of this shaft being completed, April, 1913. 
Shaft No. 1 was started October, 1912, and completed June, 
1913. About 0.58 lb. of dynamite was used per cubic yard of 
excavation in shafts. 
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The local cost of the shaft excavation was divided, approxi- 
mately: 


VAN OR Bese es = ee es ae ee 67% 
Repairs and Miscellaneous................-.--..20-2220 9% 
Supplies, including explosives.............-......--.- 24% 


Each shaft was sunk to a point about twelve feet below 
the top of the tunnel, and drifts or headings were then started. 


EXCAVATION IN ROCK. 
NICHOLSON TONNEL. 


Fig: 2: 


Figure 2 shows the general method of construction, the top 
center heading method being followed; the headings being 
worked in two directions from each shaft, and also from the 
west end. 

Headings (marked See. 1, Fig. 2) were started in both 
directions from both shafts, working two ten-hour shifts per 
day of twenty-four hours, in each of the four headings, with 
an average progress of slightly less than eight feet per day in 
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each heading. A heading, occupying the same position in the 
section, was started at the west portal in September, 1913, with 
approximately the same rate of progress. The number of holes 
drilled per shift in each heading varied from 18 to 24, each 
having an approximate depth of 8 feet. There were always 8 
cut holes; the number of others varied with kind of material 
encountered. Average cost of drilling was 29 cents per foot 
drilled. The amount of material removed per lineal foot of 
heading from each of the five headings where work was in 
progress was about 5 cubic yards per lineal foot of tunnel. The 
second step in the process of tunnel excavation was the removal 
of sections marked 2 (Fig. 2), this work being done close be- 
hind the removal of the heading. Where the material was poor, 
Section No. 2 was not excavated until the advanced headings 
were joined, and the timbering was carried up immediately 
behind this excavation. 

The cost of explosives per cubic yard of heading was 78 
cents. The total cost of the heading, by percentages, was: 
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Top bench (marked 3, Fig. 2) was drilled, shot and thrown 
by hand over top of main bench to the shovel, one shift ahead 
of the drilling of main bench (marked 4, Fig. 2). All the ma- 
terial from both benches was removed by a No. 40 Marion 
shovel operated with compressed air. 

In November, 1913, the shovel started to excavate Sections 
3 and 4 (Fig. 2) at the west portal, and reached Shaft No. 1 
in July, 1914. 

From a point 790 feet east of Shaft No. 1 to the east portal, 
a distance of about 400 feet, soft material was met with and a 
different plan followed. <A shaft 8 ft. by 10 ft. was sunk near 
east portal and all the material, excepting Section 6 (Fig. 3), 
was handled through it. A small top heading was first driven 
and temporarily timbered. (See Section 1, Fig. 3.) 

Section 2 (Fig. 3) was then removed and wall plates set, 
and this was followed immediately by the excavation of No. 3 
and rings of timber were erected. 


284 TUNNELS 


Sections No. 5 (Fig. 3) were then excavated and mud sills 
and plumb post placed. Lastly, Section 6 was removed by the 
shovel. The excavation was finished November 14, 1914. 

The entire tunnel was timbered, as is shown in detail (Fig. 
4). Timbering was necessary throughout, the timber arches 


EXCAVATION IN SOFT GROUND 


NICHOLSON TUNNEL. 
Figs) 3. 


being spaced from two to four feet apart, depending upon the 
character of roof. 

In taking out the bench, approximately one pound of 60% 
dynamite was used per cubic yard excavated, and the shovel 
made an average of 11.6 lineal feet of tunnel per 10-hour shift. 
The cost of trimming and ditching in the tunnel amounted to 
about eight cents per yard for the total yardage of the tunnel. 

The tunnel is now being lined with hard-burned brick side 
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walls and arch. The side walls were started September 14, 
1914, and the arch September 29, 1914, and have been progress- 
ing at the rate of thirteen lineal feet per day. Electric power 
is used for lighting, for mixing mortar and operating the ele- 
vator to lift brick from grade to spring line of arch. 
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Fig. 5 shows east portal of tunnel in the wide cut made 
for three and four tracks. 

Fig. 6 shows the timbering preliminary to brick-arching in 
rock section. 

Fig. 7 shows the timbering in soft material, with bulk-head 
erected for the purpose of permitting the construction of ma- 
sonry during freezing weather. 

Fig. 8 shows brick side walls and arch, with movable cen- 
ters, used during construction of lining. 
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Fig. 5. East Portal of Nicholson Tunnel, D. L. & W. R. RB. 


Fig. 6. Nicholson Tunnel, D. L. & W. R. R. 
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Fig. 7. Nicholson Tunnel, D. L. & W. R. R. 


Fig. 8. Nicholson Tunnel, D. L. & W. R. R. 


288 TUNNELS 


MOUNT ROYAL TUNNEL. 


For the Montreal Terminal of the Canadian Northern R. R. 


A double-track tunnel, length, 17,000 feet, completed in 
1914, for reaching Terminal Station at Montreal. The tunnel 
has two tubes, each 13 ft. 6 inches wide; 18 ft. 4 in. high above 
track ; total size of the excavation for the two tracks being gen- 
erally 31 ft. wide, 2314 ft. high, the tunnel having been de- 
signed and constructed for the use of electric power only. 

The character of the rock was Trenton limestone and 
igneous rock. 

The tunnel section required the removal of about twenty- 
six cubie yards of material per lineal foot of tunnel. The rein- 
forced conerete lining afterwards inserted converted this sec- 
tion into two single-track tubes, each having a sectional area 
of 207 sq. ft. above rails. 

The method adopted for excavation was the bottom center- 
heading type, size of heading being 10 ft. high, 14 ft. wide, re- 
quiring the removal of about five eubie yards per lineal foot 
of heading constructed. In the heading, eighteen to twenty- 
four holes, from five to eight feet deep, were drilled while the 
muckers were removing the material accumulated from the pre- 
vious blast, this work being expedited by the use of steel plates 
placed on the bottom of the heading before each blast, so that 
the muckers shoveled from a smooth surface. The process of 
drilling holes and removing the muck was completed in eight- 
hour shifts. In good material, as many as six rounds of shots 
were fired in the headings each day. The average progress in 
each heading was about 420 feet per month, omitting extra- 
ordinary delays, or at the rate of 1314 feet per day of twenty- 
four hours; and on some days the average excavation in head- 
ing reached 93 cubie yards per day of twenty-four hours. 

The method of procedure was, first, to construct the head- 
ing. Second, at distances not less than 500 feet apart, break-up 
sections to roof of tunnel were made above the heading to the 
full width of the tunnel; the heading having first been heavily 
timbered for receiving the material dropped down, which was 
‘later passed through the timber cover to ears in the heading. 
Third, from these break-up sections the excavation was carried 
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forward in both directions up to the roof by breaking down the 
material directly over the heading, which had been continuously 
timbered, as noted above, and by passing the material through 
openings in heading timbers to cars in the heading, at grade. 
Fourth, to wing out the upper half of the tunnel to the full 
width. Fifth, to widen out the bottom part of the tunnel to the 
full width with a shovel operated by compressed air. 

The excavation following the heading was generally done 
as rapidly as the heading, for the reason that there were avail- 
able several points for attacking the excavation over the tim- 
bered heading. 
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Fig. 9. Mt. Royal Tunnel, Canadian Northern Ry. 


Fig. 9 shows the steps described in making the tunne! ex- 
cavation. It will be noted that each break-up section furnished 
two additional faces for attacking the excavation above the 
heading, drilling in each of these two faces being undertaken 
alternately while the loose material is being removed from the 
opposite face after a blast. With one main heading and four 
break-ups at the west end of the tunnel, the average excava- 
tion was about 500 cu. yds. daily, equivalent to 19 ft. of com- 
pleted tunnel section per day at one end alone. 
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SEATTLE TUNNEL. 


For Terminal Entrance of the Great Northern Railway and Northern 
Pacific Ry. at Seattle. 


Double-track tunnel of 5141 feet length, having an inside 
width of thirty feet, as fully shown on Plan ‘“‘H’’. This plan 
also shows in outline the methods used in the excavation of 
about 45 eu. yds. of material per ft. length of tunnel. 

The material in which this tunnel is located is a heavy 
blue clay. The excavation was conducted without the use of 
a shield, under methods outlined on the plan referred to. The 
method of driving the tunnel from both ends was somewhat 
different from that usual in such work, as five drifts were used 
(all indicated on the left-hand side of Plate VI), each being 
10x10 feet in section. The two bottom drifts, left and right, 
were located at subgrade along the sides of the tunnel and 
were started first, being kept from ten to twenty feet in ad- 
vance of the drifts directly over these two. The topmost drift, 
in the center at the top of the tunnel, was advanced at the 
same rate as the second two drifts. As the work on each of 
these drifts progressed, 12-x12-inch timbers were used to shore 
up the roof and the permanent timber lining for the sides of 
the tunnel was put in place. After the side and top drifts had 
advanced about 100 feet, the triangular cores remaining be- 
tween No. 2 side drifts and the top center drift were removed, 
and the roof shored up to the crown of the arch as this work 
progressed. The conerete lining in the side walls was kept 
constructed close up to the headings of the side drifts. Fol- 
lowing about 100 feet in the rear of the gangs employed on this 
concreting work, other gangs were employed in stoping out’ the 
main central core of the excavation. The excavation was done 
almost entirely with pick and shovel. No blasting whatsoever 
was required in the tunnel. The material was handled in 
wheelbarrows, traveling belts and contractors’ cars. The 
progress of the work is shown on Plate VII, which plan also 
shows the alignment and profile of the tunnel. This plan shows 
that the work was started at the north portal on May 17, 1903, 
and the excavation was completed January 14, 1905. 
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ROGERS PASS TUNNEL. 


On Change of Line between Beavermouth and Cambie, across the Selkirk 
Mountains, at Rogers Pass, on the Canadian Pacific Railway. 


A double-track tunnel, 26,400 feet long, work on which is 
now in progress, in connection with the construction of a 
double-track line having lighter grades than the present one 
across the Divide. The object of this work is to reduce the 
elevation of the summit 540 feet; shorten the line four and a 
half miles; and eliminate 2400 degrees of curvature, four and 
a half miles of snow-sheds, and some very heavy bridging. 

The materials so far met with, beyond the earth line at 
the ends, have been slates, schists and quartzite. 

Plate VIII shows the location. 

Plate LX shows the tunnel in profile, general cross-section 
and longitudinal section, illustrating the method of conducting 
the work. 

Plate X shows the cross-section of completed tunnel, upon 
which diagram the estimated figures appear showing that 30.76 
cu. yds. of material must be moved per lineal foot of tunnel, 
where timber lining is required. The area of the completed 
section above track where timber lining is used will be 626 sq. 
ft., and where masonry lining is built this area will be 526 sq. ft. 

Plate IX shows the method being followed in the construc- 
tion of this tunnel, by the use of pioneer drifts located 50 ft. 
to one side of center of tunnel. This is followed by the con- 
struction of a main heading 11 ft. wide and 8 ft. high, nearly 
in the center of the tunnel section in both earth and rock. At 
the ends of the tunnel, where earth existed, the construction of 
the main heading was followed by bottom subgrade drifts at the 
left and right sides of the tunnel; then by a crown drift 9 ft. 
by 10 ft.; and, lastly, by drifts at the left and right sides of 
the tunnel above those at subgrade, material excavated there- 
from being handled by cars in the lower level. The main head-. 
ing, throughout, is being connected at points one-half mile, | 
more or less, apart to the pioneer drift, which pioneer drift 
will furnish the means, during tunnel construction, for ventila- 
tion, carrying all air pipes, water pipes, other appliances and 
supplies. It will also be used as a means for conveying ma- 
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terial excavated from the center heading to a point in the main 
tunnel back of the shovels, which are operated by compressed air. 

The main object sought by the contractor through the con- 
struction of this pioneer drift was the securing of increased 
speed in the tunnel excavation and a decrease in the expense, 
through ability to attack the excavation at several points at 
the same time and permit of the continuous operation of the 
shovels without danger of breaks in the air lines, or serious 
interruptions from other causes. The saving of time in this 
construction is considered very: important by the railroad, as 
well as by the contractor; and a value has been placed by the 
railroad for each day saved. The contractor anticipates that 
this method of construction will result in such a saving of costs 
in the tunnel excavation that the saving, when combined with 
the time bonus received, will far exceed the cost of the pioneer 
drift. 

The construction of the tunnel was begun in September, 
1913. At date of December 1, 1914, the pioneer drift had 
reached a point 5663 feet from the east end, and the second 
pioneer drift had reached a point 3160 feet from the west end 
—the distance between the pioneer drifts being 16,020 feet. 

On December 1, 1914, the main central heading had reached 
a point 3094 feet from the east end, and 2073 feet from the 
west end. At the east end the shovel working on full section 
had advanced 1080 feet, where rock was encountered. During 
the latter part of December this shovel was working in a full 
rock section. At the west end, on December 1, 1914, 180 feet 
of the main tunnel had been timbered and the shovel had ad- 
vanced 15 feet in taking out full tunnel section. 

On January 1, 1915, the pioneer drifts (see Plate IX) were 
13,935 feet apart, progress during one month having been 2085 
feet. The main central heading, on same date, was 3678 feet 
from east end and 2860 feet from west end, progress during 
one month having been 1381 feet. The shovel, working out full 
section, had reached a point 1488 feet from east end and 225 
feet from west end, the progress during this one month having 
been 618 feet. 

At the end of January, 1915, one of the hard winter 
months, the pioneer drifts (see Plate [X) were 13,506 feet apart. 
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The main central heading on same date was 3947 feet from 
the east end and 3336 feet from the west end of the tunnel. 
The shovels working out full section had reached points 1769 
feet from the east end and 375 feet from the west end. 

The section of the pioneer drift requires the removal of 
about 2.1 cu. yds. per lineal foot of advance. 

The section of the main central heading of the tunnel re- 
quires the removal of about 4 cu. yds. per lineal foot of advance. 

The progress on each of the central headings has been at 
the rate of about 22 feet per day in rock; the advance secured 
by each round of shots being about 6 feet. Under this plan of 
working in rock section the total amount of material which is 
moved by hand per foot of total advance is about 6.1 cu. yds., 
made up of pioneer drift and main central heading. This ma- 
terial is taken out in small cars, through the pioneer and con- 
necting drifts, to points in the completed tunnel behind the 
two shovels, and is removed by regular tunnel cars. The main 
part of the tunnel section is excavated by the two shovels load- 
ing into tunnel cars, which are handled through the completed 
tunnel, the maximum haul beyond the ends of tunnel being two 
miles. Drilling and blasting the rock is conducted from the 
central heading, the holes being drilled radially therefrom in 
lengths approximating 30 feet of tunnel at one shot; and it is 
estimated that, on account of good ventilation and lack of ob- 
structions of any kind in the central working heading, a round 
of shots in this length can be made in approximately 16 hours. 


COVINGTON TUNNEL. 
On Louisville & Nashville Railroad. 


Enlarged from a very small single-track section with a 
maximum width 13 ft. 8 in., to a double-track section equiva- 
lent to that of the standard proposed by the American Railway 
Engineering Association. 

The original tunnel was constructed about the year 1852 
(no records of which exist), and was 754 feet in length. It had 
a very small section, as indicated on Plate XI. It was lined 
partly with brick and partly with stone masonry of varying 
thickness. As this tunnel was located close to Covington 
Yard, a considerable switching movement was handled at all 
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times through the tunnel, and it was constantly filled with 
smoke. The tunnel was driven through a peculiar formation; 
about 85% of the material was an indurated clay, or so-called 
soapstone, separated at intervals by thin ledges of hard lime- 
stone. 

It was necessary to construct the enlargement in such a 
manner as to keep the tunnel open for traffic, and the diagram 
on Plate XI shows the order of procedure that was approxi- 
mately followed; the general plan being to let the old masonry 
lining remain as far as possible to act as a smoke shield. 

Excavation No. 1, the upper heading, was begun at the 
south portal and carried continuously, night and day, until 
completed. The arch timbering above Excavation No. 1 was 
carried forward as the excavation progressed, being kept up 
close to it. It was found necessary to take out a greater amount 
of excavation, in this process, than is indicated in the diagram. 
The two parts, one numbered 3 and one numbered 5, were being 
taken out with No. 1. 

After good progress had been made on Excavation No. 1, 
Excavation No. 2 and part of Excavation No. 4 were taken out. 
The last step in the excavating was to complete that around 
the old masonry. 

The work was begun in February, 1911. In July, 1911, an 
accident happened to part of the old masonry, due to its being 
struck by a car, and the removal of the old arching was under- 
taken in the month of August and earried to a completion, a 
light timber shield being put in its place to protect the men 
from smoke while constructing the lining of the new tunnel. 

No heavy blasting was required in removing the material 
for enlarging this tunnel. The plan of the completed lining 
does not show the reinforcing bars which were used in the see- 
tion throughout the tunnel. 


TUNNELS ON THE GRAND TRUNK PACIFIC RAILWAY. 


Figs. 10, 11 and 12 are attached as best showing the 
methods used by the Grand Trunk Pacific Railway for per- 
manently lining single-track tunnels constructed in yielding 
material and originally lined with timber. 
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Fig. 10. Concrete Tunnel Lining, Grand Trunk Pacific Ry. 
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CONCLUSION. 


The plan most generally used in excavating tunnels in hard 
material or rock, in the United States, whether single- or 
double-track, is the top center-heading method as shown in Fig. 
2 of Plate V of the Sandy Ridge tunnel, and in Fig. 2 of the 
Nicholson double-track tunnel. 

The method used in the Snoqualmie tunnel was the bot- 
tom-heading method, the bottom-heading being driven on one 
side. 

The method used on the Mount Royal tunnel was the bot- 
tom central-heading. The method being used on the Rogers 
Pass tunnel is a parallel pioneer drift, followed by a tunnel 
heading located near center of the tunnel section. 

As all of these tunnels were constructed chiefly in rock of 
varying degrees of hardness, as described, it seems well to com- 
pare the progress and determine the reasons for the most fay- 
orable results. In future tunnel construction, the best methods 
for securing maximum speed at minimum costs, with the latest 
forms of appliances, may probably be selected more readily 
than heretofore. 

The detailed data and plans from which this summary has 
been deduced were furnished by the following parties: 


Snoqualmie Tunnel...............Mr. C. F. Loweth, Chief Engineer, Chicago, 
Milwaukee & St. Paul Railway. 
Sandy Ridge Tunnel.............. Mr. Ward Crosby, Chief Engineer, Carolina, 


Clinchfield & Ohio Ry., and Rinehart & 
Dennis Co., contractors of tunnel. 
Nicholson! Wiummelecceseeecee Mr. J. G. Ray, Chief Engineer, Delaware, 
Lackawanna & Western Ry., and Mr. 
D. W. Flickwir, contractor of the tunnel. 


Vitae Ronyall imme eens Published description in pamphlet by Mack- 
enzie, Mann & Co., Ltd., contractors of 
tunnel. 

SYS OLEIGY ANDIATINE Ee occ Mr. A. H. Hogeland, Chief Engineer, Great 
Northern Railway. 

Rogers Pass Tunnel.............. Mr. J. G. Sullivan, Chief Engineer, Canadian 
Pacific Railway. 

Covington Tunnel.................. Mr. W. H. Courtenay, Chief Engineer, Louis- 


ville & Nashville Railroad. 
Gig WN, TE, Uys MNUEM ACN occa. Mr. H. A. Woods, Assistant Chief Engineer. 
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DISCUSSION 


Mr. Mr. William Hood,; M. Am. Soe. C. E., referring to the discussion of 

Hood. the tunnel section on the second page of the paper, said that the width 
of a tunnel is controlled, in general, by the largest size cars and engines 
operated on the line, and also by the convenience of the trackmen. But, 
more important still, it has been found that, in general, a tunnel 16 to 17 
ft. wide can be constructed for the same cost as one 14 to 15 ft. wide. 
The reason is that work is more economically done in the wider tunnel. 
The Southern Pacifie Co. up to some time in the 90’s used to build tunnels 
14 ft. wide at sub-grade and 16 ft. wide at the springing line. This section 
was changed to 17 ft. clear inside for the same price, the contractor being 
glad to adopt the larger section. This road now builds tunnels of 17 ft. 
clear width. 


Mr. Mr. W. A. Cattell,* M. Am. Soc. C. E., stated that all of the tunnels 
Cattell. on the Western Pacific Railway, 44 in number and aggregating 45,350 ft. 
in length, were constructed 17 ft. wide; (1) to decrease first cost by per- 
mitting the use of a steam shovel during construction, (2) to secure better 
ventilation in operation and (3) to provide greater safety for employces 
engaged in track maintenance. 
Mr. Mr. J. G. Sullivan,** M. Am. Soe. C. E., referring to the Rogers Pass 
Sullivan. Tunnel, said that the 46-ft. advance mentioned in the paper reters to both 
ends of the tunnel. For the last two weeks before he left, there was 
being made an advance of 55 ft. per day, or 27 ft. at either end of the 
tunnel. The pioneer drift is used for ventilation, air being forced from it 
into the main heading. The gases in the side headings are gotten out by 
the ordinary suction methods. This arrangement allows for almost con- 
tinuous work by all of the men. Work can be continued in the heading 
while shooting at the bench. 
He desired to ask if the figure of 0.58 lb. of dynamite per cubie yard 
of excavation in the shafts of the Nicholson Tunnel is correct. 
Mr. Mr, Chas. S. Churchill replied that this figure, 0.58, is correct; the 
Churchill. }oeal conditions made this possible. 
7 Chief Engineer, Southern Pacific Co., San Francisco, Calif. 


* Consulting Engr., San Francisco, Calif. 
** Chief Engr., Western Lines, ©. P. Ry., Winnipeg, Man., Canada. 
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Mr. Sullivan, replying to a request for information concerning the 
sort of pipe used for air ducts in the Rogers Pass Tunnel, said that 
ordinary 12-inch wooden pipe made for low water pressure had been used 
and this had given better results than galvanized iron pipes. The system 
is all one line with branches in the headings. 

Steam shovels operated by compressed air were used; also compressed 
air locomotives with 12-yd. cars, and dinkey locomotives for small cars 
running into the headings. These latter are also operated by compressed 
air. 

To a question concerning the type of drill employed, he replied that 
a light drill of the Leyner type had been used and that it had proved 
very satisfactory. Air and water under pressure are forced through the 
drill. One man can carry the drill in and out. 

One of the objects of building the Rogers Pass Tunnel was to elimi- 
nate snow sheds, which were used not so much on account of the snowfall, 
as to take care of avalanches and slides, which are not uncommon. 

The method used in ccnstructing this tunnel is adaptable to rock that 
will stand without lining during construction. Shafts would accomplish 
the same result, but in this case the use of shafts was not feasible. 

As to saving of time by this method, the best bids originally had 
were for completion in not less than 7 years; using this method, the 
contract was let for completion in 3% years. The actual tunnel work 
will be completed in about 3 years. 

By letter Mr. Sullivan said that regarding construction of Rogers 
Pass Tunnel, there is very little that he cared to add at the present time 
to what Mr. Churchill has said, excepting to note a few changes in plan 
and to advise progress up to date. 

Plate X was a plan made before they had any experience in the soft 
ground. It was found, when soft ground was reached that considerably 
heavier timbering was required, and a seven-segment arch was used in- 
stead of a five. It was also found, however, that the 12 by 12 strut shown 
in the bottom of the tunnel was not required; therefore, in the lining, 
the solid invert of concrete was omitted; the weep holes are placed higher 
and run directly into a ‘‘V’’-shaped trough in the concrete base. Struts 
of about the same section as the invert are placed between 20 ft. and 30 
ft. apart to take care of strains caused by swelling of the earth which 
might take place. 

Regarding the progress of the work, on July 25 work on the pioneer 
headings was stopped, when these headings were a little less than one 
mile (5202 ft.) apart, having been driven from the east end 10,740 feet, 
and from the west end, 8870. The total of these figures will not equal 
the total length of the tunnel on account of the pioneer tunnels being 
started at higher elevations than the tunnel proper and somewhat closer 
together than the portals of the tunnel. For the remaining mile of tunnel, 
the centre heading alone will be driven, and it is expected that this will 
be driven and the drilling for enlargement of same finished before the 
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shovels will reach the last cross cuts into the pioneer tunnel. As Mr. 
Churchill has stated, the main object of this method of driving the tunnel 
was to devise a cheap and rapid method of taking out the major portion 
of the rock by steam shovels. The steam shovels on August 19 were 
16,488 feet apart, or about 3.12 miles. 

Mr, Sullivan believes it will be admitted from the record of the past 
three months that the method is proving a success. The average monthly 
advance of the steam shovels has been 1636 feet; and as the contractors 
are always improving on methods, it is hoped to exceed this record before 
the tunnel is completed. The main headings in the centre of the tunnel 
on August 19 were only 4677 feet, or 0.89 miles apart. There have been 
twelve cross cuts made from the pioneer tunnel, six at each end. 

A word of explanation may be necessary as to the equipment we are 
using: Mr. Churchill states that the excavation from the shovels is loaded 
into tunnel cars. These are ordinary standard-gauge 12-yard dump ears. 


Mr. W. H. Courtenay,* M. Am. Soc. C. E., wrote that the Coving- 
ton Tunnel described by Mr. Churchill is within the city limits. It was 
impracticable to drive a new tunnel on either side of the old tunnel on 
account of local conditions. 

As about 170 engines passed through the tunnel daily, it was impera- 
tive that the method of constructing the double-track tunnel on the 
centre line of the old narrow tunnel provide for keeping the smoke and 
gas from locomotives from the men engaged on the work of enlargement. 
To accomplish this with minimum cost, it was decided to maintain the 
old single-track tunnel masonry until the enlargement of the section and 
construction of masonry lining for the double-track section could be com- 
pleted. 

The method indicated on Plate XI was devised by Mr. J. E. Wil- 
loughby, who was in charge of the work, for conducting it without inter- 
fering with the very frequent train movements through the tunnel, and 
for attaining the desired result with the least expenditure. 

The heading, Excavation 1 on the print, was first driven from both 
ends of the tunnel. Concurrently with Excavation 1, the arch timbers 
were placed. The plan was modified to the extent of carrying the bottom 
of Excavation 1 to 6 feet below the crown block of the arch timbers on 
the center line, and low enough on the haunches to permit placing the 
lower wall plates indicated in dotted lines on Plate XI. During the 
progress of the work it was found that parts of Excavations 2 and 4, 
sufficient to permit building the side walls, could be made concurrently, 
and this was done. 

Work according to the program outlined was proceeding satisfac- 
torily when by oversight of the yard master, cars too large to pass 
through the old masonry lining were started through, resulting in col- 
lapse of 120 feet of the old lining. At that time there were being offered 
by connecting lines a large number of cars whose dimensions exceeded 


* Chief Engr., Louisville & Nashville Railroad, Louisville, Ky. 


DISCUSSION: TUNNELS 305 


those permissible through the oid tunnel, so, the conclusion was reached 
to remove the remainder of the old masonry lining and to substitute 
therefor a timber smoke shield with vertical sidewalls 13 ft. 6 in. apart 
in the clear, with vertical clearance from top of rail to the knee braces 
of 16 ft. 6 in. 

Steel reinforcement of the concrete was not used throughout the 
tunnel, but only at points where there were falls of material from the roof. 


In 1906 the Louisville & Nashville Railroad Company concluded to 
enlarge another tunnel about 8 miles south of the above deseribed Cov- 
ington Tunnel, this last mentioned tunnel being 2147 feet in length and 
having practically the same section and character of masonry lining as 
the Covington Tunnel, and having been driven through much the same 
character of material as the Covington Tunnel. At the time this work 
was undertaken, double-tracking the line was not in contemplation. 


This tunnel was enlarged by removing the old masonry lining in 
stretches of from 6 to 16 feet, depending upon the general condition of 
the material behind the old masonry as well as it could be ascertained, 
and when removing the old lining in short stretches the section was 
enlarged and new concrete lining of larger section placed. 


The procedure was to work on a number of short sections concur- 
rently. No timbering was used for these short sections, and while there 
were some falls from the roof, none were of any magnitude and there 
was no serious difficulty. 

A few years later it was decided to double-track the line, but the 
difficulties of again enlarging this tunnel, and at the same time taking 
eare of the traffic, were so great that conclusion was reached to construct 
the second track in vicinity of the tunnel on a new location some distance 
away from the old tunnel. 

The practice generally of the writer, when having occasion to double- 
track lines which pass through tunnels, has been to construct an inde- 
pendent tunnel for the second track. This has been accomplished success- 
fully in a number of eases, in some of which the distance between centers 
of tunnels has been 50 ft., the minimum distance between centers having 
been 35 feet. 

The engineer has frequently to deal with such problems as lining with 
masonry tunnels which had previously been lined with timber. The 
practice of the writer with reference to this work has been to line them 
in short sections about as described above. 

At times he also has occasion to deal with bad falls in tunnels. The 
Cumberland Gap Tunnel, where the States of Kentucky, Virginia and 
Tennessee corner, is a case in point. This tunnel is driven generally 
through shale which has a very heavy dip. The tunnel was originally 
timbered. Some years ago a break occurred in the roof of this tunnel, 
extending to a height of 80 feet above the track. The situation was a 
dangerous one for the men engaged upon the work. A heading drift was 
driven through the debris, the cavity was timbered, and the material 
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obstructing the tunnel was removed, the tunnel lined with brick masonry 
of the horseshoe section, and then the whole of the cavity above the 
tunnel was packed with rock. 

In 1904 the company with which the writer is connected was engaged 
in constructing a new line of railroad in eastern Tennessee, on which 
there were a number of tunnels, generally driven through rock. In some 
of the limestone tunnels large clefts filled with clay were found in driving 
the tunnels. The procedure, when these soft clay pockets were dis- 
covered, was to attempt to hold up the ground at all cost and not to 
suffer the tunnel to break through to the surface, if it could be avoided. 
In such ground usually a small drift was driven on the center line at the 
crown of the tunnel and timbered; then a small drift was driven on each 
side for the wall plates. When these drifts had extended to 12 feet in 
length, the timber wall plates were placed and blocked up; then excava- 
tion was carefully made from the side drifts to the center crown drift 
and the timber arch blocks placed; then the remainder of the headings 
excavated, the tunnels having been driven by the top heading method. 

A number of tunnels were driven through clay pockets of the above 
character and through a formation of yellow clay with a large number of 
limestone boulders floating therein, under the immediate direction of Mr. 
J. E. Willoughby, M. Am. Soe. C. E. 

A few years after the line through one of these tunnels which had 
been driven through clay carrying limestone boulders had been put in 
operation, a rear-end collision occurred between two freight trains in the 
tunnel. One of the trains was a coal train. The result of the collision 
was a fire which ignited the coal and also burned out a section of the 
tunnel which had been lined with timber, the tunnel having been lined 
with alternate stretches of timber and concrete, the expectation being to 
complete the concrete lining later. 

Material fell from the roof of the tunnel in the burned section until 
the natural surface was reached, leaving a large hole on the surface 
approximately conical in shape. The fallen material was wet, for fire 
engines had been brought to the tunnel and used in an effort to put out 
the fire. 

This problem was attacked by driving a drift of merely sufficient 
size to let a locomotive through, and timbering this drift with approxi- 
mately rectangular section of timbering as it was driven; 4-in. by 4-in. 
oak poling boards 16 feet in length were driven ahead as the work 
progressed, 

Much difficulty was encountered by the men being overcome by 
fumes from the burning coal as the coal was uncovered, and the work 
was greatly delayed on this account. 

However, the above method was followed, the wrecked engine within 
the tunnel removed, and traffic restored long before the tunnel could be 
brought to the adopted section and new concrete lining constructed. 

Notwithstanding the fierce fire which roared through this tunnel, the 
sections which had been lined with concrete were very little damaged. 
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The concrete had been reinforced with steel rods, and in a number of 
places the heat caused approximately circular pieces of the concrete about 
one foot in diameter and from 3 to 4 inches in thickness, to pop out. 
Where these pieces of concrete were caused to break out from the face 
of the lining by the heat, it was seen that the concrete reinforcing rods 
were sharply buckled on account of the expansion due to the heat. Not- 
withstanding this, the concrete was not seriously damaged and did not 
require renewal. 


An unusual experience was with a tunnel in southern Alabama. This 
tunnel had originally been lined with oak timber. When the original 
oak timber began to show considerable decay, the timber lining was 
renewed with black cypress, a character of timber which the writer had 
known to last with very little decay for twenty years in other tunnels. 
After this cypress had been in place a few years it was discovered to 
have been almost totally destroyed by dry rot. The timber held its shape, 
but was so completely decayed that a piece of it 4 in. wide and ‘2 in. 
thick and a foot long could readily be broken across between the hands. 

The writer’s practice has been to require frequent inspections of 
timber in tunnels by boring, but it was thought the cypress in this par- 
ticular tunnel had not been in place a sufficient length of time to justify 
earlier inspection, by boring. 


Mr. M. M. O’Shaughnessy,* M. Am. Soc. C. E., wrote that Mr. 
Churchill’s interesting and instructive paper deals exclusively with rail- 
road tunnels, which naturally constitute a very large proportion of the 
tunnels recently constructed in America, but with the rapid development 
of the larger American cities tunnels for vehicular, pedestrian and street 
ear traffic are no longer of uncommon occurrence. 

The first impression that the Eastern visitor obtains on entering San 
Francisco is surprise at its uneven topography. A dismembered branch 
of the Coast Range divides the city into two main districts, and spurs 
from the principal ridge extend in every direction, forming steep bar- 
riers between the intervening level stretches. While these hills are a 
relief from the monotony of outlook so common in Hastern centers of 
population, and while on their slopes some of the best residences in San 
Francisco are located, by obstructing vehicle and street car traffic they 
have, until recently, retarded this city’s growth and development. To 
afford to promising districts beyond the ridges adequate transportation 
facilities, one tunnel has recently been completed and another is now in 
course of construction. 


STOCKTON STREET TUNNEL 


This project was undertaken to connect the North Beach District to 
the business center by a shorter and more direct route and easier grades. 
The entire length is 1323 feet, extending from the north line of 
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Sutter Street to the south line of Sacramento Street. Of this, 412 feet 
is in open-cut approaches and 911 feet in tunnel. Approximately 180 feet 
of the tunnel adjacent to the portals was constructed by the cut-and-cover 
method. An ascending grade of 2.33 percent begins at the north line of 
Sutter Street, running thence to the north line of Bush Street, from which 
point the tunnel rises on a 4.29 percent grade. Fairly hard sandstone was 
anticipated, but schist, slippery blue shale and yellow clay were pene- 
trated. This failed to arch itself thoroughly in the limited distance to 
the upper ground surface and during the winter of 1913-14 became satur- 
ated, necessitating extreme caution and heavy timbering. The standard 
tunnel section has a clear span of 50 feet and a rise of 19 feet, affording 
two 7-foot sidewalks and a 36-foot roadway in which has been con- 
structed a double-track municipal electric railway. As originally de- 
signed, the intrados of the reinforced concrete arch was tricentric, the 
abutments 8 feet thick and the crown 18 inches thick. 


Contract for the tunnel construction was awarded in April of 1913, 
to Jacobsen & Bade for the sum of $337,000, but as it was deemed neces- 
sary, owing to the treacherous nature of the strata disclosed in the excava- 
tion, to strengthen the section, increasing the crown to 32 inches thick- 
ness and the balance of the arch proportionately, the first construction 
cost was increased to $416,528. Work started on the south approach June 
2, 1913, drifts were started in November, 1913; concrete lining completed 
June 25, 1914; core excavation started July 17 and was completed Sep- 
tember 5, 1914. 


Open-cut approaches and eut-and-cover sections were done by a 20-ton 
Marion steam shovel, with a one-yard dipper loading directly into 4- and 
5-yard auto trucks. When excavation in the south approach was com- 
pleted, bunkers for the handling of surplus excavation were constructed 
at Sutter Street at the end of a trestle along which a train of eight 14- 
cubic-yard side-dump ears, hauled by a 35-hp. electric locomotive, brought 
material from the three drifts, one of which entered at the crown and one 
at either side of the core, at sidewalk level. Two upper holes and two 
lifters 6 feet deep were used in the face of the drift, taking about two 
hours to drill. The load per hole was usually six sticks of 35% dynamite. 
When the drifts had been completed, the excavation for the conerete 
ring was carried out by the crownbar system of timbering. 


Crownbars, of which there were twenty along the extrados, had 
minimum dimensions of 10 inches in diameter and 20 feet in length, were 
round fir and placed to break joints. Lagging was 3 inches, and posts, 
round or square, were not less than 10 inches diameter, or on side; trans- 
verse sets of timbers were placed on 5-foot centers. Six operations were 
necessary to complete the excavation between drifts and for the abut- 
ments. They were: (1) lowering the floor of the top drift and placing 
the first crownbars; (2) and (3) widening the top drift and placing addi- 
tional crownbars; (4) connecting the top and side drifts; (5) excavation 
of abutments; (6) completing the section ready for the concrete forms. 
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This excavation was very expensive; about 2,500,000 feet of lumber was 
used, including forms. Most of the lumber had to remain in the tunnel. 

After removing the transverse sets of timbers, forms for the concrete 
were supported by the central core, and 10-foot sections of the reinforced 
concrete lining, running 18 cubic feet of concrete and 1000 pounds of steel 
per foot, were poured. The load over the section to be poured was sup- 
ported by reinforced concrete stulls, 4-in. by 4-in. in section, which 
rested upon 2-in. by 4-in. wooden blocks on the forms. These stulls were 
embedded when the concrete was poured, becoming part of the permanent 
lining. A 1:2:5 mix of Santa Cruz Portland cement, sand and rock was 
used. Near the south portal, concrete materials were brought into bunk- 
ers and flowed by gravity through chutes into a l-yard Foote mixer 
operated by a 15-hp. electric motor. Concrete was dropped from the mixer 
into a steel tank, whence it was forced by compressed air into the forms. 
The compressed-air plant which supplied air to drills, for ventilation and 
for delivering concrete, was situated over the tunnel, and consisted of an 
Ingersoll-Rand, 16 by 18 two-stage compressor driven by a 200-hp. motor. 
A 4-ineh air inlet and an 8-inch discharge pipe were fitted to the concrete 
drum. The output of the mixer, 160 eubice yards in 8 hours, was easily 
handled, a cubic yard of concrete being moved in 2 minutes. Concrete 
was transported a maximum distance of 1000 feet, in which distance it 
was elevated 90 feet; a pressure of 125 pounds per square inch was used. 
Labor costs were high in shifting the 8-inch discharge pipe, and the L’s 
and other specials had to be renewed often, the life being about 60 hours’ 
actual use, or 1200 cubie yards concrete transported. Straight pipe wore 
at couplings and had to be recut and rethreaded. 

After the concrete arch had thoroughly set, a 15-ton Marion steam 
shovel of the revolving type with a %-cubic-yard dipper was used in 
removing the core. The surface of the concrete was thoroughly cleaned 
and roughened, and the 2-in. by 4-in. wooden blocks which supported the 
stulls were removed, the resulting pockets being filled with a rich mixture 
of cement and gravel. A scratch coat of 1:2 cement plaster was then 
applied, over which was placed a finish coat of Medusa plaster. 

Cast iron drainage pipes 4 inches in diameter extend through the 
abutments every 25 feet on either side of the tunnel for its full length, 
and lead into 6-inch ironstone pipe drains under the sidewalks, where 
they are connected to the main sewer in lower Stockton Street. An 
underdrain along the center line of the tunnel conveys seepage from the 
roadbed of the railway to the main sewer. 

There are 23 expansion and settlement joints of copper and tar paper 
placed at regular intervals. 

To light the tunnel electric conduits were embedded in the concrete 
with globe connections at 25-foot centers. 

The cost, $616,528, was met by a graduated scale of assessments paid 
in ten annual installments on the property benefited on both ends of the 
tunnel; $416,528 was the cost of construction and the balance paid for 
damages to adjacent lands. 
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COST SUMMARY. 


Excavation Labor Material Unit 
(Oyatvn” Ot a ose Peco eee 1.47 0.21 cu. yd. Labor includes 
66c for hauling, 
sub-contract. 
Pleadings, <sek..ceoee- sees 6.25 1.60 cu. yd. Includes timbering 
SOKO. cate Seat ageetten ae seo cee eee- cee 6.50 2.12 cu. yd. 
One are cees sneer ee se acasdezeseaeesese 1.24 0.20 cu. yd. 
Steel 
Open-cut ‘sections:...2-...:....-.2-----:: 8.69 28.42 1000 Ib. 
Suma lh on eee oe ee ce ee 14.76 28.58 1000 Ib. 
Concrete 
PI AStOVIMN Ecce -ssese seca s oes aeee =e assent 0.47 0.51 sq. yd. 
Open-cut Secttoniess.. -cssce2ce----eeeees 0.84 5.39 cu. yd. 
Puminelies ecto nueceessneceesesseeeescessee see 0.82 5.79 cu. yd. 
Forms 
TE NTLO] ie pewdaees ee soscees eect sagen eres 41.17 2.06 100 sq. ft. 
Open-cuth SCCtlOn ees: oe eece eee ae 2.98 0.37 100 sq. ft. 


TWIN PEAKS TUNNEL 


This project is now in the course of construction. The bore com- 
mences at 17th and Castro Streets, and extends in a general southwesterly 
direction, penetrating the Twin Peaks Ridge 925 feet below the highest 
peak and terminating in a 10,000-acre tract of land highly desirable for 
residential purposes. The tunnel will provide much needed rapid transit 
facilities to the entire district beyond the ridge. Funds to the amount 
of $4,000,000 for construction and for the acquisition of the necessary 
lands were raised by means of a graduated assessment plan. One eighth 
of this sum was required for the purchase of necessary lands and rights 
of way, including a strip 1900 feet long and 90 feet wide from the present 
southwesterly terminus of Market Street. 

Commencing at the easterly end, the 12,000 feet of length is divided 
as follows: 

East approach, 187 feet; east portal and subway section, 292 feet; 
Eureka Valley Station, 300 feet; subway section, ventilating intake sta- 
tion, 18th and Hattie Streets, 1072 feet; 29 ft. 6 in. tunnel section, 30 feet; 
taper connection, 180 feet; standard tunnel section 5144 feet; ventilating 
intake, Relief Home Tract; standard tunnel section, 1347 feet; Laguna 
Honda Station, 300 by 44 feet; standard tunnel section, 2988 feet; west 
portal and west approach, 85 feet. A 3% ascending grade obtains from 
Market and 17th Streets, elevation 139 feet, to the Laguna Honda Station, 
elevation 375 feet, and thence a 1.15% grade descends to the west portal, 
elevation 340 feet. The west portal, which leaves Market Street near 
17th Street, is designed to connect with a future subway in Market 
Street. 

The subway section was adopted for the entrance because of the 
limited overhead clearance. It has two compartments, each 14 ft. by 15 ft. 
in the clear, and runs 8 cubic yards of conerete and 900 pounds of rein- 
forcing steel per foot. 
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Eureka Valley Station has platforms 300 feet long to accommodate 
each track, and stairways at each corner connecting with kiosks at the 
upper street level. This station is designed to accommodate trains from 
a future Mission-Sunset tunnel to the southeast corner of Golden Gate 
Park. 

Work is practically completed up to 18th Street, over which distance 
fee simple title has been acquired to a 90-foot right of way, the surface 
of which is to be used for vehicles and street traffic as a portion of the 
Market Street extension, part of the plan to construct a scenic boulevard 
on easy grades around the Twin Peaks Ridge. 

For all of the west approach, subway section and Eureka Valley 
Station, excavation was done in open cut through yellow and red sandy 
clay with a Marion steam shovel, 114-yard dipper loading directly into 
4- and 5-yard motor trucks. The surplus material was hauled an 
average distance of 3 miles to the Islais Creek District where it was used 
in deep fills to bring Oakdale and San Bruno Avenues, links in the system 
of boulevards, to grade. The cost of removing and hauling was about $1 
per yard—a5e for labor, 65¢ for hauling. The cut on the subway section 
varied from 25 to 40 feet and the sides stood on a 1 to 4 slope, little water 
being encountered. Piles were driven to hold the embankment from Ord 
Street to 10 feet west of the taper connection. Over this stretch a 
Vulean steam shovel with a 114-yard dipper worked on an upper bench, 
the Marion shovel following on the sub-grade level. Concrete work fol- 
lowed the excavation and inclines were constructed at intervals to per- 
mit the motor trucks gaining the intersecting street levels. 

At 18th and Hattie Streets is located one of the two ventilating 
stations, each of which has a capacity of 75,000 cubic feet of air per 
minute, at a pressure of 0.7 ounces. A complete change of air will occur 
throughout the tunnel every 20 minutes. The ceiling slab in the standard 
tunnel section has openings every 100 feet, which are made adjustable to 
suit the air pressure at that point. By this means it is hoped to avert the 
defective attempts at tunnel ventilation heretofore employed, as foul air 
will be removed from all portions of the tunnel by simultaneous drafts. 
The area of the 5-ft. by 15-ft. segmental air chamber between the ceiling 
slab and the intrados of the arch is 64 square feet. 

The subway cut crosses 18th Street, and the piles which were driven 
on the lines of the cut at 4-foot centers were capped and 12-in. by 16-in. 
stringers spread solid to form a bridge to carry the 18th Street car line. 
Along about this point the steam shovels gave way to hand loading into 
auto trucks. To minimize the hand labor, a 10-foot core remains, the 
footings to be poured in side trenches up to the bottom level of the tile 
drain, which will be set before the side walls, ceiling slab and arch are 
poured. A shovel operated by compressed air piped from Laguna Honda 
Station—where is situated a plant of three compressors of 3000 cubic 
feet capacity, each operated by a 200-hp. motor—will later remove this 
core and load into cars, on tracks, which will be drawn into the finished 
subway section and up an incline motor-driven, endless-chain escalator 
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through openings 10 by 30 feet left in the roof slab of each compartment 
at Ord Street. The surplus will be used for backfill over the subway 
section. 

Conerete for approach walls, open-cut section and Eureka Valley Sta- 
tion has been completed. The mix for the entire project is 1:21%4:5, with 8 
pounds of hydrated lime to 100 pounds of cement. Santa Cruz Portland 
cement, 1 part river sand to 2 parts bank sand, Niles gravel and Pyramid 
brand hydrated lime are being used. 


TWIN PEAKS TUNNEL QUANTITIES 


Concrete: 23223 ee eee 78,000 cu.yds. 


Excavation.... 480,000 cu. yds. 
TROGH es e=ee Geese 70,900 cu. yds. 
Cement... ir) 95,900 bbls. 
Sandeac tw ee ee ee 31,900 cu. yds. 
Steels Aire oO oa ae ea 2,612 tons. 
Piydrated ime aco asco ope Bac ee anemone 1,534.4 tons. 


Of the total cost of the project 85% was raised by 10 annual install- 
ments from the undeveloped land on the southwest terminal which will 
be brought within 8 minutes of the settled portion of the city; and the 
remaining 15% from the property on that portion of Market Street on 
the northeast end adjacent to the work. The entire time of construction 
is estimated at 3 years, when a rapid transit line will be operated through 
the tunnel. 


Mr. Chas. S. Churchill, in closing, and referring specifically to the 
Rogers Pass tunnel, said that the continued rapid progress on this ¢con- 
struction during the year 1915 bears out all the statements made com- 
mendatory of the special method adopted by Mr. J. G. Sullivan, Chief 
Engineer, in this construction. 


Mr. W. H. Courtenay, in his further description of the enlargement 
of Covington tunnel, shows the difficulties that have been met with in 
various works of this character, many of which have been undertaken by 
railroads in the East that pass through the Blue Ridge and Alleghany 
mountain systems, where variations in character of material are extreme 
and frequent geological faults are encountered. He also brings out 
clearly the fact that it is good practice, and which is in general use, to 
build a second single-track tunnel instead of enlarging an old single-track 
tunnel under traffic conditions; and he finally describes many of the 
difficulties that have arisen in connection with the maintenance of rail- 
road tunnels through these mountain systems. 


Mr. M. M. O’Shaughnessy has added a detailed description of some 
highway tunnel work in San Francisco. These cases are properly listed 
under the general head of ‘‘Tunnels’’ (the title of the paper), because, 
as a matter of fact, there are no material differences met with in the con- 
struction of a highway tunnel from what are experienced in building a 
double-track railroad tunnel; and any conclusions that may be drawn 


DISCUSSION: TUNNELS 313 


from the one are just as applicable to the other. Even in the matter of 
ventilation, the writer now wishes to record the fact that he has con- 
structed, and has under way, the ventilation systems for operating pur- 
poses of steam railroad tunnels, electrically operated tunnels, and high- 
way tunnels where automobile traffic is heavy. So, similarity exists in 
both construction and maintenance. 

In conclusion, the writer desires once again to ¢all particular atten- 
tion to the tabulated statement, from a study of which it will be noted 
that any method of tunnel excavation by which speed is secured primarily 
by use of explosives results in an excess of excavation and some lack in 
economy; and those methods described which in the case of double-track 
tunnels preduced rapid progress with the moderate use of explosives and 
with small amount of excess excavation per foot of tunnel, are those that 
call for special study in future tunnel construction of all kinds. 


My. 
Churchill. 
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GENERAL INFORMATION. 


Italian railways are characterized by a large number of tun- 
nels. Many of these tunnels are very important, on account of 
their great length, and others for the difficulties of construction 
or the rapidity with which the headings were driven. 

The tunnels famous for their great length are naturally few, 
but among the most important—from 5 to 11 miles long— 
may be mentioned the Mont Cenis tunnel, 13,671 metres (44,785 
feet) long, and the Simplon tunnel, 19,803 metres (64,536 feet) 
in length, the longest of all; both of these tunnels are very well 
known. 

Then comes a group of three tunnels: Capo Sele, 15,256 
metres (50,052 feet) ; Croce del Monaco-Ginestra, 15,833 metres 
(51,945 feet); and Murgie, 16,071 metres (52,726 feet) long. 
Among the new tunnels now in course of construction are those 
of Isoverde, on the new direct line between Genoa and Milan, 
19,450 metres (63,812 feet) long, and Montepiano, on the Flor- 
ence- Bologna line, 18,650 metres (61,187 feet) long. They form a 
group of very important examples of good tunneling. 

The number of tunnels from 1 to 5 miles in length is, of 
course, larger; and among them, and deserving of special men- 
tion, is the Ronco tunnel (on the Genoa-Milan line), 8,306 metres 
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(27,251 feet) long, which gave much trouble during construc- 
tion owing to the bad character of the blue marl-rock encoun- 
tered. This material, in contact with damp, hot air, swelled up 
and caused such great pressure that ordinary revetments were 
crushed, and in some places granite revetments 10 feet thick had 
to be adopted. 

The tunnels less than one mile in length are almost count- 
less. Then there are lines where the length of tunnels is almost 
equal to that of the line in the open. For instance, on the Genoa- 
Spezia line, 92 kilometres (57.3 miles) long, there are 114 tunnels, 
several over three miles in length, and all together measuring 
about 45 kilometres (28 miles), or half the length of the line. 

On the new direct Rome-Naples line, now nearing comple- 
tion, the section between Terracina and Formia—about 50 kil- 
ometres (31 miles)—has a total length of tunnels of 27 kilometres 
(17 miles), or more than half the length of the line. Three of 
these tunnels are each nearly 5 miles long. 

In fact, Italy might be called the ‘‘Country of Tunnels’’. 

Owing to its hilly conformation, there are tunnels every- 
where and for all purposes; that is, not only for railways, but also 
for ordinary roads, some of which date from the time of the 
Romans, as the ‘‘ Passo del Furlo’’; tunnels for drainage purposes, 
dating even as far back as the Etruscan period, about 600 years 
B. C.—and of these there are tens of thousands of miles in Cen- 
tral Italy, especially around Rome: and tunnels for carrying 
water, either for aqueducts or water-power, among which, deserv- 
ing of a passing note, are the Albano Lake tunnel near Rome, 
1,200 metres (3,940 feet) long, excavated through tufa rock in 
18 months by the Romans, 397 B. C.; and the Fucino Lake emis- 
sary, 4,800 metres (15,748 feet) long, driven during the reign 
of the Emperor Claudius, between 41-52 A. D., which is really a 
monument to the engineering skill of the Romans. 

Among modern aqueducts may be mentioned the ‘‘Pugliese’’, 
1175 miles long, perhaps the largest in the world: for a length of 
213 kilometres (133 miles) of main line, it is of ovoidal section 
of 8 by 9 feet (see Fig. 6), with 97 tunnels, measuring 93 kilo- 
metres (58 miles) in all, or 44% of the total. Three of these tun- 
nels are each over 9 miles in length. They have just been com- 
pleted and will be described later on, as they constitute some 
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extremely important works and are notable for the exceptional 
rapidity with which their headings were driven. 

In passing in review some of the most interesting tunnels 
recently built in Italy, and not yet well known, we may classify 
them in the following order : 

1. Railway tunnels of great length, or which have presented 
special difficulties. 

2. Aqueduct tunnels of small sections but of very great 
length. 

3. Tunnels of very wide section, more than 50 feet in width, 
for ordinary road traffic. 


1. RAILWAY TUNNELS OF SPECIAL LENGTH OR DIFFICULT 
CONSTRUCTION. 


(a) Tunnel of Montorso on the New Direct Rome-Naples Line. 

It is 7530 metres (24,700 feet) long, with the section repre- 
sented in Fig. 1, which is the usual section on important lines. 

The rock is fissured limestone, with some caverns: one of 
these caverns extends about 35 feet below and above the line and 
is 70 feet long. It was filled with packed stone up to the plan of 
formation, and was then covered with an arch, with very strong 
piers, which were used also to support the roof of the cavern. 

The headings were driven from the two portals, without any 
intermediate shaft; compressed-air Ingersoll rock-drills and 
dynamite were employed, with the following results: 


Rome heading 


SVICTAGE) Maly *aCL Vail C Oneness eeeeeneene 8 ft. 

Maximum daily advancee...............-.---.- 14 ft. 
Naples heading 

Average daily advance........-..-0.-00 Oe 2ieun. 

Maximum daily advance..............---.---- 15 ft. 6 in. 


Some sections, at the beginning of the work, were also driven 
by hand drills, with an average advance of 6 ft. 6 in. and a maxi- 
mum of 10 feet per day at each heading, which is most notable 
and forms almost a record. 

Owing to the solid nature of the rock, the revetment is from 
16 to 22 inches thick, made of ashlar masonry with courses of 
bricks in the crown and of dressed stones in the haunches. The 
tunnel was begun in June, 1907, and finished in March, 1911. 
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(b) Tunnel of Vivola on the New Rome-Naples Line. 

This tunnel is 7454 metres (24,455 feet) long, with cross 
section as in Fig. 1. 

For about 450 metres (1480 feet) on the Rome side, the 
ground was of loose clay with big boulders; the remainder, good 
limestone with much water. 


0 10 20 30 © Feet 
(mmr ae 7 metres 


Fig. 1. Tunnel on the New Rome-Naples Line, Through Good Limestone Rock, 


The headings were driven at formation level, by hand 
through the clay and by compressed-air rock drills in rock. The 
explosive used was dynamite. Electricity was used throughout 
for driving the air compressors and locomotives and for lighting 
the tunnel and yards. This helped materially in attaining the 
noteworthy rapidity with which the headings were driven. 
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Rome heading 
Average daily advance.............-.---.-- 8 fb. 3 in. 


Maximum daily advance LOU iia oeane 
Naples heading 

Average daily advance..............--.------ U2ietts Osan: 

Maximum daily advance............---------- Path aii 


= 
...mposta.____della alse Se, calotta te 
Springing Line of < Arch ‘ 


a=1.005 9+0.173 
b=1.005 O+0.223 


Massico Tunnel, New Rome-Naples Line, Through Very Fissured Lime- 
stone Rock with Deep Caverns. 


Fig, 2. 


In the short section excavated by hand through boulder clay 
the average daily advance at each heading was 5 ft. 10 in.; the 
maximum, 10 ft. 4 in. 

Except in this section—where the revetment was made of 
bricks and dressed stone, 30 inches thick—all the tunnel was 
lined with ashlar masonry only 16 inches thick. 
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The tunnel was begun at the end of October, 1909, and was 
finished at the beginning of November, 1912. 

(c) Tunnel of Massico on the New Rome-Naples Line. 

The total length is 5365 metres (17,601 feet), with section 
as Fig. 2. 

For the first 425 metres (1390 feet) the mountain is formed 
of voleanic sand and fragments of lava; the rest is Lmestone, very 
minutely fractured and, in places, mixed with clay, with abun- 
dant springs. Also chaotic deposits of big blocks were met 
with, evidently due to large caverns that have caved in, as three 
caverns of some 60 by 90 feet were still open and happened to be 
across the tunnel (Figs. 3 and 4). 

The headings were driven at crown level when in loose vol- 
canic sand, and at formation level where rock was met with. 

In loose material, the excavation was done by pick and 
shovel, heavy timbering being necessary; thus, the advance was 
only from 5 to 6 feet daily. 

In rock, Ingersoll rock-drills and Demag air-hammers were 
employed, together with either dynamite or Nobel gelatine, Nos. 
O and 1. 


. Rome heading 


VELA GO a Cailliys aChvicm CCl sees 12 ft. 6 in. 

Maximum daily advance..................... 22 ft. 8 in. 
Naples heading 

Average daily advance.............-....-.---- AO sfteaoeins 

Maximum daily advance................--.-.- 23 ft. 6 in. 


On the Naples side, in a good section of limestone rock, a 
daily advance of 21 ft. 10 in. was maintained for some weeks 
in succession. 

The revetment for the sides was made of ashlar masonry; 
the arch was partly of bricks laid in cement mortar and partly 
of Portland cement concrete. 

The section through the caverns had to be carried on with 
greater precautions, owing to the loose nature of the rock, which, 
when disturbed, would fall in great blocks. The roof of the 
cavern also had to be supported on strong masonry piers (Figs. 
3 and 4), so that the work begun in September, 1911, was not 
finished till April, 1915, notwithstanding the rapid advance 
made in the good sections of rock formation. 
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(d) Tunnel of Borlasca on the New Genoa-Ronco-Arquata Line. 
The tunnel is 4042 metres (13,260 feet) long, 8.80 metres 
(29 feet) wide at the springing of the arch, 4.40 metres (14 ft. 
6 in.) radius, and 6.40 metres (21 feet) high. 
The geological formation consists of limestone for one fourth 
of the length, and for the rest of conglomerate varying from very 


l 
| 


1.298 


| i MEE: aN ey Bares as , 
0949 ee aa 3.969 ___ 4.12984 


Fig. 4. Massico Tunnel; Through Loose Debris Fallen From Roof of a Cavern. 


fine sandstone to big pebble pudding cemented by lime and clay. 
Some fractures were met with that gave a good deal of trouble 
en account of the large quantity of water mixed with sand and 
mud that sometimes flooded the tunnel. 

Except for small sections driven by hand at the two 
entrances, and in some parts where fractures occurred, the head- 
ings first and then the rest of the tunnel were excavated by com- 
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pressed-air drills, either of Ingersoll or Demag type, aided by air- 
hammers for the widening of the headings. 

The revetment is made in some parts with brick masonry 
22, inches thick, in other parts with Portland-cement concrete 20 
inches thick, made in the proportion of 300 kilos of cement, 0.5 
cubic metre of sand and 0.8 cubic metre of small gravel, or nearly 
in the proportion, by volume, of 1-1/4: 2-1/2: 4. 

Where the ground is bad, the revetment reaches in some 
places a thickness of 3 feet. 

The tunnel was begun in February, 1913, and the average 
monthly advance of the headings has been about 120 metres, cor- 
responding to about 13 feet average per day. It is expected that 
the work will be finished in the autumn of 1915. 

(e) Gattico Tunnel on the Borgomanero-Arona-Simplon Line. 

This tunnel is not famous for its length—it is only 3308 
metres (10,853 feet) long—but for the exceptional difficulty in 
construction, which required the use of compressed-air caissons 
sunk from above. 

For about two-thirds of its length the tunnel passes through 
very bad glacial mud and debris, extremely rich in water. 

This formation is about 200 feet thick above the crown of the 
tunnel,so it was out of question to make an open cutting, and a tun- 
nel could not be avoided, although great difficulties were foreseen. 

Owing to the nature of the ground, the work had to be done 
by pick and shovel, with heavy timbering; and from the very 
inception of the work very powerful pumping engines were used 
in order to get rid of the water. The work was thus pushed with 
great care and expenditure, but when under an old glacial drift, 
and for a section of about 190 metres (625 feet), all the usual 
remedies which were resorted to—including very important 
drainage wells, sunk laterally to the tunnel by compressed air— 
failed to get rid of the enormous amount of water that filled the 
headings. These difficulties, aggravated by sudden inrushes of 
mud and debris, and even enormous glacial boulders of very hard 
quartzite, demonstrated that other and radical methods were 
indispensable in order to finish this section of the tunnel. At the 
time the work was in progress, that is, in 1897, the method of 
shield tunneling, since developed with the aid of compressed air, 
was not very reliable. 
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So it was decided to attack this section not from the head- 
ings but from the top, taking advantage of the fact that the sur- 
face of the ground was only about 200 feet above the crown of 
the tunnel. 

For this purpose a heavily-timbered vertical trench 35 
metres (115 feet) deep was dug from the surface down to about 
25 metres (80 feet) above the crown of the tunnel, and down to 
this depth the inrush of water was tolerable. 

Then at the bottom of the trench a file of eleven caissons, 
27.30 metres (90 feet) long and 6.80 metres (22 ft. 6 in.) wide, 
was laid ends on, the width of the caissons being slightly greater 
than the outside width of the revetment of the tunnel. 

The caissons were sunk one by one till the top of the working 
chamber was lower than the bottom of the tunnel. In the mean- 
time, over the working chamber a section of the revetment of 
the tunnel was built, which also by its weight helped in sinking 
the caisson. The normal working pressure of the air was 11/2 
atmospheres. When two adjacent caissons were put in place, the 
ironplates of the two iron diaphragms, between the two sections 
of the tunnel, were taken away one by one on each side—and, of 
course, still working in compressed air. ‘Then the revetment was 
carried on by working horizontally, doing very small portions of 
excavation and proceeding immediately to their revetment, which 
was done with bricks and cement mortar, often reinforced with 
strong iron beams passing from one caisson to the other across 
the gap to be filled. It was a most difficult work, but was carried 
out without mishaps and without any loss of human life. This 
section was made by means of 11 caissons, the total measure- 
ment being 186 metres (593 feet). The cost per metre run was 
5800 franes or $345 per linear foot. 

The whole tunnel, 3308 metres (10,853 feet) long, was com- 
pleted in 3 years and 9 months, which is almost a record, con- 
sidering that the similar tunnels under the Mersey at Liverpool 
and under the Thames at Blackwall (London)—one half and 
one quarter as long, respectively—required 4 and 5 years of 
assiduous work. 

The Directors of the works were Com. Oliva and Com. 
Cauda of the Mediterranean Railway Co. 
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2. TUNNELS OF SMALL SECTION AND GREAT LENGTH FOR 
AQUEDUCTS. 

Tunnels of small section for water-power installations or 
for aqueducts have been built in very large numbers during the 
last decade, and among the most notable those of the Puglese 
Aqueduct are most important. In passing, it may be mentioned 
that this aqueduct—of which two-thirds of the most difficult sec- 
tions are already completed—is 1890 kilometres (1175 miles) 
long, without counting the network of distributing pipes to the 
536 towns, making it one of the most important in the world.* 

It is made to convey 6 cubic metres (1585 gallons) of water 
per second for a length of 213 kilometres (132 miles), from Capo 
Sele to Villa Castelli in Apulia, South Italy. Then it divides into 
two main branches; one branch of 1.5 cubie metres (400 gallons) 
capacity, 46 kilometres (28.6 miles) long, going to Foggia; and 
another branch of decreasing section, 1600 kilometres (995 miles) 
long, to Bari, Lecce, Taranto, up to the extreme point of Italy at 
Santa Maria di Leuca. 

As already mentioned, in the main section from Capo Sele to 
Villa Castelli there are 97 tunnels, measuring, in all, 93 kilo- 
metres (58 miles). Three of them are over 15 kilometres (9 
miles) long, and all present very interesting features. 

(f) Capo Sele Tunnel of Pugliese Aqueduct. 

This tunnel is 15,252 metres (50,038 feet) long, and in ordi- 
nary ground is oval in shape—2.70 by 2.90 metres (8 ft. 10 in. by 
9 ft. 6 in.) with a cross section of 6 square metres (65 sq. ft.) 
and a revetment 0.40 metres (16 inches) thick (Fig. 5). In bad 
ground the section is quite circular (Fig. 6), with an internal 
diameter of 2.85 metres (9 ft. 4 in.), and the revetment is 0.8 
metre (2 ft. 8 in.) thick in order to resist the external pressure. 

The revetment is generally made of bricks laid with cement 
mortar, or of Portland-cement conerete in the proportion of 
1:2 :4. 

The geological formation was of fairly good limestone for 
about 400 metres (1300 feet) from the north portal, then 
pliocenic blue clay with boulders for 6152 metres (20,180 feet) 


* The Catskill aqueduct for New York City water supply is only 143 
kilometres (89 miles) in length, but it conveys nearly 5 times as much 
water. 
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from the south portal; the rest, 8700 metres (28,540 feet), was 
argille scagliose or “‘eocenic slate blue-clay’’, in some parts quite 
crushed and plastic, owing to infiltration of water, and forming 
the worst ground that can be met with in Italy. In fact, Italian 
engineers entertain for these argille scagliose—which unfortun- 
ately are not rare—the greatest aversion, as the accidents to the 
famous tunnels of Cristina and Starza, on the Naples-Foggia 
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Fig. 5 (top, left). Capo Sele Tunnel, Pugliese Aqueduct. Section Through Slaty 
Blue Clay, Rather Bad. 

Fig. 6 (top, right). Capo Sele Tunnel. Section Through Fissured Slaty Clay, 
Very Bad and Watery. 

Fig. 7 (lower, center). Murgie Tunnel, Pugliese Aqueduct. Section Through Good 
Limestone. 


line, are not forgotten. These tunnels had to be rebuilt three 
times—with revetments 10 feet thick, although for single line— 
before they stood the outside pressure. 

Italian experience on this subject now proves that the work 
must be pushed on with the greatest speed, with most ample ven- 
tilation of the heading, and with absolute absence of steam or 
gasoline locomotives that may generate heat or produce warm 
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damp air, which is the cause of the rapid disintegration and ex- 
pansion of these argille scagliose. Then, of course, the masonry 
revetment must be made as soon as possible—and in short sec- 
tions—in order to leave the rock exposed to the air for the short- 
est possible time and, in any case, for only a few days. 

For these reasons, electricity only was used in this tunnel, 
both for lighting and for motive power, including locomotives; 
and compressed-air rock-drills, coupled with strong ventilation 
at the headings and active aspiration of the vitiated and damp 
air at the portals, kept the inside of the tunnel, not yet hned, 
as cool and dry as was possible under the circumstances. 

The average daily advance at each of the four headings was 
8 metres (26 ft. 6 in.) in rock; 6 metres (20 feet) in good, strong 
blue clay not hydrated; and 3 metres (10 feet) in argille scag- 
liose, or slaty clay, which necessitated heavy timbering and 
special precaution for rapid lining with masonry, so as not to 
give the ground time to swell up under the influence of the damp, 
warm air of the tunnel. 

Notwithstanding all this care and precaution, many sections 
of the tunnel caused great anxiety on account of the infiltration 
of water and, especially, on account of the inflammable gases 
(grisow) met in some places and, also, by reason of a large pocket 
of mud found in an old buried valley, which could not be crossed 
and had to be avoided by going around it. 

The tunnel required nearly five years of work, and con- 
sidering its exceptional length and that it could be attacked only 
from the two portals and one intermediate shaft, the progress 
attained is really quite notable. 

(g) Croce del Monaco-Ginestra Tunnel. 

The length is 15,823 metres (51,912 feet), with nearly the 
same cross section as shown in Fig. 5. 

The geological formation was of voleanic sand and tufa for 
about 1 kilometre from the portals, while the central part was 
of pliocenie blue clay alternated with strata of miocenic sand- 
stone and marl. 

Only hand excavation was possible in such ground, and all 
the precautions for clayey stuff had to be adopted, both for ven- 
tilation and electric haulage of materials. 

However, the great difficulties met with in this tunnel were 
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the bad nature of the ground, the combustible gases (grisow) 
and abundant springs, aggravated by sudden inrushes of quick- 
sand or mud. 

But the worst of all was a section 102 metres long (about 
340 feet) where sulphuretted hydrogen poured into the heading 
and caused the workmen to faint or even to fall asphyxiated. So, 
exceptionally strong ventilation and special protections for the 
men had to be adopted, such as helmets for working in deadly 
gases before this very dangerous section could be bored and lined. 
Now it does not give any further trouble. 

The work was carried on from the two portals and from 
three intermediate shafts; but owing to the great difficulties met 
with, it required nearly six years to finish it, which is also a very 
good result. 

(h) Murgie Tunnel. 

This is the longest tunnel of all—16,021 metres (52,726 feet) 
—and its cross section is 4.85 square metres (52 square feet), as 
it has to carry only 5 cubic metres (1320 gallons) of water per 
second. 

Its section (Fig. 7) is rectangular, 2.08 metres (6 ft. 10 in.) 
wide by 2. 61 metres (8 ft. 6 in.) high, including the semi-circular 
arch. 

The revetment, 0.40 metres (16 inches) thick, is made en- 
tirely of Portland-cement concrete, in the proportion of 300 kg. 
cement, 0.5 cubic metre of sand from crushed rock, and 0.8 
cubic metre of 1-inch crushed limestone—or 114: 214: 4 parts 
by volume. The interior is laid with 1:1 cement mortar trowelled 
very smooth. 

The tunnel is cut through a uniform limestone formation of 
the cretaceous period, not very hard and fractured in many parts. 
Also small caverns were met with. The almost complete absence 
of infiltrations was most notable and, in fact, the water for the 
concrete had to be brought by auto-cars. 

The excavation has been done, by means of compressed-air 
hammers, from the two portals and from five shafts 12 feet in 
diameter and 32 to 192 metres (105 to 630 feet) deep, provided 
with electric elevators of 3 tons power. 

The average advance at each heading was 4 metres (13 feet) 
per day, but in some sections an advance of nearly 9 metres (30 
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feet) per day was attained for several weeks. This was due to 
the excellent nature of the rock, which, besides being easily ex- 
eavated, did not require any timbering and stood perfectly for 
many months—that is, until the revetment could be completed 
—which gave great freedom in carrying on the work. Nothing 
special, and only one very deep cavern, was met. This cavern 
might have threatened the stability of the tunnel with falling 
debris, so the tunnel was deviated for about 300 feet in order to 
pass outside the sides of the cavern into the solid rock. 

The motive power for the locomotives was electricity. 

The work was finished in 26 months, and considering the ex- 
ceptional length of the tunnel and that the region was without 
roads (a service line 2-feet gauge and 20 kilometres long had to be 
built), without water, and without dwellings, and that workmen, 
food and water had to be brought from afar, the rapidity of con- 
struction was quite exceptional. 

These three tunnels were carried out under the direction 
of Signori Bazzoechi and Maglietta. 


3. TUNNELS OF VERY WIDE SECTION, FOR ORDINARY ROADS. 


Two tunnels notable for their exceptional width of 50 feet 
—and one of them for the great difficulties of construction— 
were built during the last decade, one through the hill of Faro in 
Genoa and the other through the Quirinal Hill in Rome, right 
under the Royal Palace. 

(i) Faro Tunnel in Genoa, 

The harbour of Genoa, the most important of Italy, is sep- 
arated from its industrial suburb of Sampierdarena by a rocky 
hill. The only communication by carriage road, until a few 
years ago, passed at a height of about 20.50 metres (68 feet) 
above the sea, while a level road between the harbour and the 
industrial center was sadly needed. 

Thus, in 1907 a tunnel was decided upon, the plans of the 
late Signor O. Bernardini adopted, and the work carried out by 
Cav. L. Biondi. 

The tunnel (Figs. 8 and 9) is 961 ft. 3 in. (293 metres) long, 
49 ft. 2 in. (15 metres) wide and 26 ft. 3 in. (8 metres) high at 
the crown, with a gradient of only 3 feet on the whole length. 
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It is excavated through the limestone rock forming the hill 
of ‘‘Faro’’ by means of small headings, as shown in Fig. 8, 
where the numbers indicate the successive phases of the excava- 
tion. The masonry of the arch was built between the fourth and 
fifth phases, whilst that of the side walls was built only after the 
entire excavation had been completed. 

The quantity of material excavated was 53,470 cubic yards, 
and cost an average price of about 3 dollars per cubic yard. 

The blasting holes were drilled by hand and the explosive 
was dynamite. No difficulties of any sort were encountered. 

The arch is of bricks laid in cement mortar; the thickness 
varies from 2 ft. 71% in. to 4 ft. 7 in., according to the nature 
of the rock. 

The side walls are of rubble stone with a facing of ashlar 
masonry. The two entrances are of architectural design. 

The cost was as follows: 


A Lip: Cors hie WHO 6) eee ER eee ee ome Se ode eon Se $159,133 
Inside masonry and pavements...............------------------+ 81,878 
Einttrance: ortallsimoce: eee sc cece aaee a setae cece weer nen ewer verano 32,046 

Ll BY On iF lip enema est eee td AON sa ee at eee eee ene $273,357 


(j) Quirinal Tunnel in Rome. 

This tunnel connects the lower districts of Rome with the 
Central Station and serves a very intense traffic of tramways and 
ordinary vehicles. 

It is 350 metres (1150 feet) long, 15 metres 5 (50 feet) wide, 
9.50 metres (31 ft. 2 in.) high, with semicircular arch as in Figs. 
10 and 11. 

The thickness of the revetment varies from 4 to 7 feet, 
according to both the nature of the ground and the weight of 
the buildings overhead, one of these buildings being the Royal 
Palace. 

The nature of the ground was very bad, being formed of 
loose debris and the ruins of ancient Roman buildings, and was 
often crossed by old sewers, which, in case of rain, carried much 
water. So the work had to be carried on in very short sections 
and be lined at once with very heavy timbering followed by 
blocks of masonry revetment, both for preventing the fall of 
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debris and for shoring up the Palace overhead. Even with all 
possible care and precautions, many settlements and cracks could 
not be avoided, with the consequence that heavy expenditure for 
indemnities, compensations and repairs had to be met. 

The successive stages in the boring of the tunnel and then 
lining of it with masonry are clearly indicated in Figs. 12, 13 
and 14. 

The two portals are richly decorated (Fig. 15) and the inside 
is lined with enamelled tiles and profusely lighted by electricity. 


Fig. 15. View of Eastern Portal of the Quirinal Tunnel in Rome, 50 Ft. Wide. 


The pavement was of asphalt, but now is being substituted with 
“*Soliditit’’, a conerete made with a special Portland cement with 
a very high percentage of silica, forming an exceedingly hard 
surface, but not slippery. 

The work was most successful except in one detail, it is too 
noisy, and when the traffic of tramways is very intense the noise 
is almost deafening. This is accounted for by the semi-circular 
curve adopted for the arch. In the Faro tunnel, in Genoa, where 
a semi-oval curve was adopted, the noise is much less; but it must 
also be said there are no tramway lines. 

The cost of the whole tunnel, including all decoration and 
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compensations for damages to buildings, underpinnings, repairs, 
ete., was 3,500,000 franes ($700,000) or $610 per foot run. 

The plans were prepared by Comm. Viviani and carried 
out completely by Cav. Luigi Botto, C. E., during 1900 to 1902. 


CONCLUSIONS. 


From the foregoing, we may conclude that tunnels are quite 
a common occurrence in Italy, where perhaps the finest examples 
can be found. 

Formerly, when they were bored by hand drilling and black 
powder, an advance at each heading of 2 to 3 feet per day was 
considered very good. 

Since the introduction of compressed-air rock drills, air 
hammers and dynamite, an advance of 20 feet per day is quite 
usual; and even 25 to 30 feet per day has been attained in good 
limestone, when not too hard or too wet. In this kind of work 
Italian engineers and workmen have quite a reputation and their 
experience may, perhaps, be of interest to American colleagues. 
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THE RAILWAY TUNNELS OF SWITZERLAND, 1905-1915. 


By 


R. WINKLER, Mem. Swiss Soc. E. & A. 
Director of the Technical Division of the Swiss Railway Department 
at Bern 
Bern, Switzerland 


INTRODUCTION. 


Swiss railway legislation distinguishes between ‘‘Princi- 
pal’’ and ‘‘Secondary”’ railways. 

Secondary Railways, according to Art. 1 of the Statutes of 
December 21, 1899, are those railways and railway portions 
which specially cater to local traffic or special objects of trade 
and do not handle the large through-service for passengers 
and freight. : 

Accordingly, the Swiss Federal Council, by decrees dated 
Aug. 10, 1900, and Jan. 24, 1905, defined Secondary Railways 
as follows: 

1. All narrow-gage railways, cog-wheel railways, cable 
railways, street railways and tramways. 

2. A number of specially designated standard-gage rail- 
ways to which the above given legal definition applies. 

All other lines are accounted Principal Railways. 


When the construction of a new railway is under consid- 
eration, it is determined by Federal law or by an Act of 
Concession whether or not it shall be classed as a secondary 
railway. 

In regard to the proprietorship of railways, distinction is 
made between railways belonging to the Government or ‘‘Swiss 
Federal Railway’’ (S. B. B.), private railways and those rail- 
ways running across the frontier and subject to foreign admin- 
istration. 
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On January 1, 1915, there were: 
In operation Under construction 


Principal Railways... 2557.3 km. (1588.08 mi.) 30.8 km. ( 19.13 mi.) 
Secondary Railways... 2958.2 km. (1837.04 mi.) 302.8 km. (188.04 mi.) 


ING Gen ees ere ee 5515.5 km. (3425.12 mi.) 333.6 km. (207.17 mi.) 
Of this was 
Double track ........ 860.5 km. ( 534.37 mi.) 18.3 km. ( £3.7  mi.) 
Lines of the Swiss 
Federal R. RB. ........ 2793.3 km. (1734.64 mi.) 32.2 km. ( 20.0 mi.) 
Private Railways .... 2668.8 km. (1657.32 mi.) 299.6 km. (186.05 mi.) 
Foreign Railways .... 53.4 km. ( 33.16 mi.) 1.8 km. ( 1.12 mi.) 
MLO Gall ges aot ee 5515.5 km. (3425.12 mi.) 333.6 km. (207.17 mi.) 


These figures show 0.133 km. of railway in operation per 
square kilometer (0.214 mi. per sq. mi.) and 146.3 km. (90.9 
mi.) of railway in operation for each ten thousand inhabitants. 

The general formation of the country rendered the con- 
struction of the railways a task far from easy for the engineers 
and financiers. 

Toward the northwest of Switzerland the Jura Mountains 
form a range of ridges and valleys between 1000 and 1700 meters 
(3280-5575 ft.) above the sea; towards the southeast lies the great 
wall of the Alps with its mountain peaks towering almost 5000 
meters (16,400 ft.) above sea-level. Between these two mountain 
ranges lies the Swiss table-land. It reaches from Lake Leman 
to the Bodensee, about 50 km. (31 mi.) wide and 250 km. (155 
mi.) long, comprising in the neighborhood of 30% of the total 
area of the country, lying at an elevation from 300 to 500 m. 
(984 to 1640 ft.), while at the borders and more especially 
toward the Alps it reaches an elevation of almost 2000 m. (6560 
ft.) traversed by some isolated mountain chains. 

The water courses, which have cut deep valleys in the 
Alps, and which the highways follow, also traverse the table- 
land and present manifold obstacles to roads and railways. 

On this account, the number of railway bridges and tun- 
nels, determined by the topography of the country, is very 
great, and there are certain lines which consist of practically 
an unbroken series of such constructions. 

But the Alps, in earlier times the terror of travelers, are 
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now penetrated by tunnels among which are the longest in the 
world and through which a world traffic, safe from land-slides, 
avalanches, and mountain torrents, flows day and night from 
north to south and back again. 

When we say that the traffic of the world pours through 
the Alpine tunnels of Switzerland, we speak no idle word,— 
for does not the mail from Buenos Aires and other South Ameri- 
ean ports reach New York by way of the Gotthard Tunnel? 

Statistically these conditions are shown in the following 
table: 

On Jan. 1, 1915, there were: 

In operation Under construction Total 
Bridges of more than 2 m. (6.56 ft.) 


CATES PAM a. pce seen seo ee ee 4411 228 4639 
with a combined length of.... 67.722 km. 5.123 km. 72.845 km. 
(42.1 mi.) (3.2 mi.) (45.3 mi.) 

Munnels Number Of-.........------..- 575 52 627 


Total length, single track.... 164.628 km. 37.757 km, 202.385 km. 
(102.3 mi.) (23.46 mi.) (125.76 mi.) 
Total length, double track..... 70.105 km. 9.138 km. 79.243 km, 
(43.57 mi.) (5.68 mi.) (49.25 mi.) 


NORA enn: oa 234.733 km, 46.895 km. 281.628 km. 
(145.87 mi.) (29.14 mi.) (175.01 mi.) 


TUNNELS MORE THAN 2000 m. (6560 ft.) LONG. 


Lack of time and space compels us to confine our discus- 
sion to Swiss tunnels of more than 2000 m. in length, notwith- 
standing the fact that in the case of many of the smaller tun- 
nels details of interest might be presented. 

First we will present, for the sake of completeness, a table, 
A, of tunnels over 2000 m. long put into operation before the 
end of 1904; then a table, B, of tunnels opened since 1905, and 
finally a table, ©, of tunnels more than 2000 meters long still 
in course of construction in 1915. 

Tables B and C contain among other things the principal 
dimensions of the cross-sections; the profiles are given in the 
accompanying diagrams. 

We will amplify the information given in Tables B and 
© by a discussion of the most important conditions affecting 
construction work prosecuted during the last ten years. 
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Table B. Tunnels Put Into Operation Between Jan. 1, 1905, and Dec. 31, 1914. 


Kind and Arch Height Highest 
Gage of the Greatest Above Rail Elev. Base 
Railway Length No. Width Base of Rail 
= M. M. of M. M. M. 
No. Railway Ft. Name of the Tunnel Ft. Tracks Ft. Ft. Ft. Opening Day Location 
1 8. B. B. P. 1.435 Simplon Tunnel I 19803 1 5.00 5.50 704.98 June 1, 1906 Between Brig and 
(4' 816”) (64970) (16.4) (18.04) (2312.9) Tselle 
[ae S. M. B. 8. 1.435 Weissenstein Tunnel 3700 1 4.80 5.60 722.09 August 1, 1908 Bet. Oberdorf and 
(4’ 81%4”’) (12139) (15.75) (18.37) (2369.05) Gansbrunnen 
3 8S. B. B P. 1.435 | Ricken Tunnel 8603 1 5.20 5.80 622.34 October 1, 1910 Bet. Wattwil and 
(4’ 816”) (28225) (17.06) (19.03) (2041.78) Kaltbrunn 
4 B. T. S. 1.435 Wasserfluh Tunnel 3557 ul 5.17 5.60 657.29 October 3, 1910 Bet. Brunnadern 
(4' 814”) (11670) (16.96) (18.37) (2156.40) and Lichtensteig 
5 a. B. S. 1.000 Eigerwand-Jungfrau-joch 4931 1 3.70 4.050 3457.00 Bet. Eigerwand and 
(3’ 2.8”) Tunnel (16178) (12.14) (13.29) (11341.83) | July 1, 1912 Jungfrau-joch 
6 B.L.S P. 1.435 | Létschberg Tunnel 14612 2 8.00 6.00 1242.70 Bet. Kandersteg 
(4' 814”) (47939) (26.25) (19.68) (4077.09) | July 15, 1913 and Goppenstein 
7 Rh. B S. 1.000 Tasna Tunnel 2350 1 4.30 5.00 1385.00 Bet. Ardez and 
(3"2.8") (7710) (14.11) (16.40) (4543.95) | July 15, 1913 Fetan 
Table C. Tunnels Still in Course of Construction, Jan. 1, 1915. 
Kind and Arch Height Highest 
Gage of the Greatest Above Rail Elev. Base 
Railway Length No. Width Base of Rail 
M. M. of M. M. M. 
No. Railway Ft. Name of the Tunnel Ft. Tracks Ft. Ft. Ft. Opening Day Location 
aT P.L. M. P. 1.435 | Mont d’Or Tunnel 6097 2 8.60 6.10 898.09 | May 16, 1915 Bet. Les Longeville 
(4' 816”) (20003 ) (28.21) (20.01) (2946.47) and Vallorbe 
2 S. B. B P. 1.435 Hauenstein-Base Tunnel 8134 2 8.40 6.20 451.93 Probably January 1, 1916 | Bet. Tecknau 
(4' 816”") (26686) (27.56) (20.34) (1482.70) and Olten 
3 B.L.S. P. 1.435 | Grenchenberg Tunnel 8565 i 5.20 5.80 545.05 | October 1, 1915 Bet. Miinster and 
(4' 816") (28100) (17.06) (19.03) (1788.21) Grenchen 
4 S. B. B. P. 1.435 | Simplon Tunnel II 19825 ak 5.00 5.50 704.98 | Probably May 1, 1918 Between Brig and 
(4 8%”) (65042) (16.40) (18.04) (2312.90) Tselle 


Abbreviations: S.B.B.—Swiss Federal Railways 
S. M. B—Solothurn-Miinster Railway 


B. T.—Bodensee-Toggenburg Railway 


J.B.—Jungfrau Railway 


B. L. S.—Bern-Létschberg-Simplon, Bern Alpine R. R. Co. 


Rh.B.—Rhaetian Railway 

P. L. M.—Paris-Lyon-Mediterranean Railroad 
P.—Principal Railways 

S.—Secondary Railways 

Bet.—Between the stations. 


Remarks 


9084 m. (29800 ft.) 
under Swiss Jurisdiction 


Opened as far as Eismeer 3478 m, (11410 
ft.) on July 25, 1905. Total length of 
tunnel 7113 m. (23337 ft.) 


Remarks 


989 m. (3245 ft.) 
under Swiss Jurisdiction 


9075 m. (29770 ft.) 
under Swiss Jurisdiction 
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THE SEVERAL TUNNEL UNDERTAKINGS. 
1. The Simplon Tunnels I and II. (No. 1, Table B and No. 4, 

Table C). 

Tunnel I. The Simplon Tunnel I, 19,803 m. (64,970 ft.) 
long, is the longest mountain tunnel in the world. Running 
from northwest to southeast, with two short junctional curves 
respectively of 320 and 400 meters (1050 and 1310 ft.) 
radius, the rest on a tangent, it bores through the huge bulk 
of Mt. Leone [3561 m. (11,683 ft.) altitude] which divides 
Switzerland from Italy, between the stations of Brig on the 
north side and Iselle on the south. The history of the whole 
undertaking, its geological aspects, the work of the survey, the 
installation and the construction have been presented in de- 
tail in various publications by distinguished experts. We 
would refer all those interested in the subject to the attached 
list of references and confine ourselves to the most important 
data indispensable as a basis for comparison with other con- 
struction work of this type. 

For forty years the authorities and contractors had striven 
to make clear the technical problems involved and to overcome 
the financial and political difficulties which opposed the work 
of construction. 

Actual work was finally begun in 1898 on the basis of a 
plan submitted in 1893 by the firm of Brandt, Brandau & Co., 
and on the basis of a forfeiture contract entered into by a syn- 
dicate composed of Engineers A. Brandt and K. Brandau, the 
Bank of Winterthur and the firms of Sulzer Bros. and Locher 
& Co. 

The contract stipulated that the temperature in places 
where work was going on should not register above 25° C. 
That the influx of water was to be rapidly drained off from 
stretches where construction was in progress, and, that where 
difficulties presented themselves in connection with rock exca- 
vation, ete., the most favorable possible conditions both for 
the carrying out of the work and for the men employed were 
to be maintained. This caused the contractors to choose the 
two-tunnel method of construction, which, based on the experi- 
ence gained in the construction of the 14,998-m. (49,206-ft.) 
long St. Gotthard Tunnel (1872-1881), at that time had been 
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first recommended by W. von Pressel for the construction of 
longer and deeper tunnels. The distance between centers of 
the two single-track tunnels was fixed at 17 m. Only the east- 
ern tunnel, No. I, was to be completed. Of Tunnel II, on 
the west, only a bottom heading was to be driven, lying on the 
eastern side of the finished cross-section, and serving for ven- 
tilation and for running in empty work trains. It was to be 
masonry lined as far as necessary to ensure its safety. 

Hydraulic drills, Brandt system, were to be used for the 
mechanical drilling. 

The survey of the axis of Tunnel I was carried out after 
the plan of the survey of the Gotthard Tunnel in a most care- 
ful manner, commensurate with the importance of the work, 
by means of a tying in of the axis points on both sides, as 
given by the construction plans, with a triangulation extending 
over the mountain. This survey, on its part, was connected to 
one side of the geodetic triangulation which connected the Sim- 
plon Astronomical Station with the points of the first order of 
the Swiss Survey. The minute direct measurement of a base 
line to close the triangulation was thereby saved. 

The geological conditions (what now seems surprising) 
were, before the beginning of construction, very insufficiently 
understood, and on that account and owing to the sequence and 
nature of the rock formation, influx of water and temperature 
conditions, difficulties entirely unexpected and unpredicted 
were encountered in connection with the driving of the heading. 
Thus the tunnel traversed, instead of a simple gneiss formation, 
a section of the most complicated stratification, and at a point 
10 kilometers (6.2 mi.) from the north portal, where it was 
expected the tunnel would be in the middle of the Mt. Leone 
eneiss, it ran, first, into Triassic marble and anhydrite and then 
into Jurassic limestone and slate which extended more than 3 
km. (1.8 mi.). Altogether there were about 11.3 km. (7.0 mi.) of 
different kinds of gneiss and 8.5 km. (5.3 mi.) of marble, gypsum, 
anhydrite, limestone and slate of the Triassic and the Jura. 
Ten kilometers (6.2 mi.) from the north portal, where the exca- 
vation, according to expectation, should have been dry, hot 
springs were encountered with a discharge of about 300 second- 
liters (10.6 sec-ft.), and instead of the expected 38°-39° C., the 
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temperature rose to 54.5° C. In the Teggiolo marble, which it 
was expected to encounter about 7 km. (4.3 mi.) from the south 
portal, but which was actually encountered 4.3 km. (2.7 mi.) 
from it, cold springs were met with of more than 1000 second- 
liters discharge (35.3 sec-ft.). More than one month was occu- 
pied in traversing these 60 meters (197 ft.) of water-bearing 
strata and the end had barely been reached when another dif- 
ficulty presented itself in the shape of a tremendous rock pres- 
sure from every direction. For this stretch of 42 m. (138 ft.) 
the heading had to be driven with centers made of 400 mm. 
(15.7 in.) I-beams bolted together and the spaces between filled 
with concrete. Here for almost seven months the drills were 
idle. On the south side there was also encountered a region of 
hot springs, where the final stretch of 245 m. (804 ft.) of head- 
ing consumed almost six months. 

That this great number of difficulties was overcome, thanks 
are due to the painstaking and liberal planning of the equip- 
ment, the method of construction chosen, the wonderful organi- 
zation and the extraordinary energy of the contractors, as well 
as to the cooperation of the highest authorities of the country. In 
. fact the Federal Council guaranteed to the Jura-Simplon Railway 
at the time of its absorption by the State (1903), an indemnity to 
cover the increase of price which the Railway Company had 
to pay the contractors in order that they might be able to carry 
on and complete the work. 

Hydraulic power plants, with turbines of 2100 hp.* on the 
north side and of 1100 hp. on the south side, furnished the 
power for operating the various installations. In order to 
ensure uninterrupted work, semi-portable steam engines were 
provided. Particularly worthy of mention is the 3200 m. 
(10,500 ft.) reinforced concrete head-race at the water-power 
plant on the north side. 

In the neighborhood of each tunnel portal stations were 
maintained containing everything necessary for the prosecu- 
tion of the work; also the machinery for drilling and for the 
ventilation of the tunnel, the work-rooms for repair of machines 
and tools, store-rooms, sheds for coal and rolling-stock, shelter 
and accommodations for the employees and workmen, baths, 


* 1 metric horsepower equals 75 meter kg. per second. 
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hospitals and administration buildings; and, last but not least, 
every contrivance for the conveyance of the workmen, the con- 
struction material and the spoil. 

High-pressure pumps delivered water, about 36 second- 
liters (1.27 sec.-ft.) on each side, at 70 to 100 atmospheres pres- 
sure for the operation of the rock drills and the ventilation and 
cooling in the heading itself. Ingersoll and Burckhardt & Co.’s 
air-compressors gave an air-pressure of 100 atmospheres for 
supplying the tunnel locomotives. Two fan blowers were in- 
stalled on either side for ventilating the headings. Each sup- 
plied 25 cubic meters (882.9 cu. ft.) per second with a pressure 
of about 250 mm. (10 in.) of water. They could be operated for 
suction or compression and regulated for volume or pressure. 
An electric crane of 4000 kg. (8818 lbs.) capacity was provided 
on the north side for unloading the spoil trains. At both ends 
there were built about 13.5 km. (8.4 mi.) of 0.80-m. (3114-in.) 
gage track. 

Since the air was conducted through Tunnel II and through 
the last cross drift to Tunnel I, those portions of the heading 
lying behind the last cross drift had to be supplied at the face 
with fresh air by means of a special arrangement known as 
‘‘secondary ventilation’’. To this end, two small ventilators 
were installed in heading II. Each gave about 0.75 cubic meters 
(26.5 cu. ft.) per second of air with a pressure of 500 mm. (19.7 
in.) of water. They were operated by turbines of 10 hp., which 
were driven by water taken from the high-pressure water sup- 
ply for the drills. Fresh air was also supplied right at the 
heading by means of water jets, but this worked less econom- 
ically. For cooling the air, new plants were necessary, as it 
was shown with the progress of the tunnel that the anticipated 
temperature of 42° C. was greatly exceeded. Two special tur- 
bines of 300 hp. each drove two high-pressure centrifugal 
pumps, each one of which delivered 80 liter-seconds (2.82 sec- 
ft.) of water at 22 atmospheres pressure. The cooling water 
was brought into the tunnel in separate pipes and served for 
the operation of the dust-sprinkling apparatuses, by which the 
compressed air forced into the tunnel was lowered 10° or 12° C. 
In the conduit for the secondary ventilation an ice car was 
introduced, which served not only to cool but also to dry the 
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air. The lowering of the temperature produced by ventilation 
and cooling corresponded to a removal of heat of about 2,332,-- 
000 calories per hour (9,250,000 B.t.u.). 

The Brandt drill, which in the course of time has been 
greatly improved by Sulzer Bros., has as a distinguishing fea- 
ture a hollow circular cutting tool made of the best hardened 
and tempered steel, 65 mm. (2.6 in.) outside diameter and 30 
mm. (1.2 in.) inside diameter, with three teeth on its edge. 

This tool is forced against the rock with a pressure rising 
at times to a maximum of about 15,000 kg. (33,000 Ibs.) and 
at the same time is slowly turned. 

A part of the operating water flows through the bit, cools 
it and washes out the cuttings. In the driving of the headings 
it was customary to fasten three machines on a beam across a 
drill car. In the cross drifts only one drill was used, as a rule; 
all other excavation was done by hand drilling. Ten to twelve- 
holes were drilled on an average for each set-up, which resulted 
in a progress of from 1.00 to 1.30 m. (3.28 to 4.27 ft.). Ordi-. 
narily four or five set-ups were made daily. The consumption 
of dynamite with machine drilling ran 4 to 6 kg. per cubic 
meter of excavation (6.7 to 10.1 lbs. per cu. yd.) and with hand 
drilling 0.6 to 0.7 kg. (1.0 to 1.2 lbs.) or 1.5 to 2 kg. per cubic 
meter on an average (2.5 to 3.4 lbs. per cu. yd.). 

An attempt to throw back the loosened stone from the 
face of the heading by means of jets of water applied during: 
the explosion of the charges, and thereby make it possible to 
set up the drills again more quickly, did not give the hoped- 
for results; but the contractors succeeded in devising other 
practical means for lessening the time required for mucking and 
clearing away. 

From the bottom heading of Tunnel I, complete excavation 
was accomplished by an upraiser with a top heading run for- 
wards and backwards, enlargement to full arch section and 
excavation of the lower benches; after this the lining of the side 
walls in ashlar and of the arch in courses was carried out. For 
the masonry lining, artificial stones of only about 80 to 140 kg. per 
sq. centimeter (1138 to 1990 lbs. per sq. in.) compressive strength 
were employed. The masonry lining of stretches in the water- 
bearing strata, especially where pressure was encountered at 
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Km. 4.45 to 4.492 (2.76 to 2.79 mi.) gave unusual difficulty. In 
the latter instance, an invert 2.50 to 2.80 m. (8.2 to 9.2 ft.) 
thick and a four-course arch of cut stone, 1.67 m. (5.48 ft.) 
thick at the crown, laid in cement mortar had to be built. 

The iron frames had to be cut through and it was necessary 
to proceed in small sections with the greatest care in order to 
avoid, as much as possible, new movements of the rock or man- 
ifestations of pressure. This work consumed more than a year’s 
time. In the middle of the tunnel, heading II was widened to full 
size and connected with Tunnel I by two diagonals. In this man- 
ner a crossing station 500 m. (1640 ft.) long was constructed. 
This station was fitted up with the necessary signals and safety 
devices and ever since the opening of the road has been occupied 
by officials. 

The north locating heading of the tunnel was begun on 
Aug. 1, 1898—the south on Aug. 16 of the same year. The rate 
of progress on the north side reached a maximum of 7.25 m. 
(23.8 ft.) per day in July, 1903, and on the south side a maxi- 
mum of 7.93 m. (26 ft.) per day in June, 1902. Owing to a 
strike, the work was interrupted for one day in 1899 and four- 
teen days in 1901. The holing through occurred at 7:20 A. M. 
the morning of February 24, 1905, at 9.385 km. (5.83 mi.) from 
the south portal. The control of the axis showed a variation in 
alignment of about 202 mm. (8 in.), a difference in elevation of 
87 mm. (3.43 in.), and an excess of length over that computed of 
0.70 m. (27.6 in.). The arch in Tunnel I was united October 18, 
1905, 2635 days after the beginning of the excavation. This 
shows a daily progress of 7.51 m. (24.6 ft.) of finished tunnel. 
The last rails were laid in January, 1906, and finally various 
cables, of a total length of 110 km. (68.35 mi.), were installed 
in about ten days more. On the 21st and 22nd of February, 
1906, the tunnel was taken over by the Swiss Federal Railways 
and opened for traffic June 1, of the same year. 

Special mention is due the firm of Brown, Boveri & Co., 
who made an agreement on Dee. 19, 1905, with the management 
of the Swiss Federal Railways, and by the end of May, 1906, 
had equipped the tunnel and the approaches, as well as the sta- 
tions of Brig and Iselle, with a three-phase 3000-volt current for 
the electric operation, at their own risk and expense. For the 
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application of this system, it was necessary that the Italian State 
Railways should place at the disposal of the Swiss Federal Rail- 
ways the electric locomotives which could be operated with this 
form of electric current and which were designed for the 
Valtellina lnes. 

The daily average number of laborers reached its maximum 
on the north side in the third quarter of 1900 with 1953 men, 
of whom 1500 were employed in the tunnel. On the south side, 
the maximum was reached in the third quarter of 1904, with 
1939 men, of whom 1386 were employed in the tunnel. 

Altogether there were required in the construction of the 
tunnel, including its own equipment and whatever buildings 
there were outside of it, on the north side (Brig) 3,448,425 
days’ work, and on the south side (Iselle), 3,603,005 days’ work, 
or a total! of 7,051,430 days’ work. 

There were fifty-one fatalities. With respect to sickness, 
it is to be remarked, that thanks to the thorough hygieni¢e meas- 
ures in the tunnel and environs, that dreaded disease of miners, 
Anchylostomiasis due to the so-called ‘‘tunnel worm’’ (Anchy- 
lostomum duodenale), did not make its appearance. 

By the workmen on the north side, mostly Italians, there 
was sent home by postal order, during the years 1899-1905, 
2,154,661 Fr. ($415,850) and a sum no less was probably brought 
home personally. 

The cost of Tunnel I, including the bottom heading of 
Tunnel II, stood, at the end of 1913, at 58,500,000 Fr. ($11,290,- 
500), or about 2,954 Fr. per meter ($173.83 per ft.). 

Tunnel II. Under the terms of an agreement dated April 
15, 1898, and an amendment dated October 9, 1903, the tunnel 
construction firm of Brandt, Brandau & Co., was bound to build 
the second tunnel without ballast and superstructure for the 
sum of 19,500,000 Fr. ($3,763,500) in the same way as Tunnel | 
had been built, provided they were given the contract within 
two years following the completion of the work in Tunnel I. 
On Jan. 3, 1908, within the specified time, they were awarded 
the contract, and the General Management of the Swiss Fed- 
eral Railways granted, through the authorities, a sum of 34,600,- 
000 Fr. ($6,677,800) for the completion of the whole work. The 
contractors explained that they were unable to carry out ‘the 
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construction of Tunnel II for the contract price and refused to 
make any guarantee for the safety of Tunnel I during the con- 
struction of Tunnel II. 

After lengthy negotiations the Construction Company was 
released from the contract. In the meanwhile bids were called 
for. The prices ranged between 25,500,000 Fr. ($4,921,500) and 
47,000,000 Fr. ($9,071,000), wherein the bidders to be given con- 
sideration stated that safety for Tunnel I could not be guar- 
anteed. At last the board of administration of the Swiss Federal 
Railways decided, on July 19, 1912, to carry out the work as a 
departmental construction. Mr. F. Rothpletz was selected as 
Director of Construction. He had already been employed on 
Tunnel I and since then had held important positions on the 
tunnel work in the Weissenstein, Lotschberg and Grenchenberg 
tunnels. 


The length of Tunnel IT was................ 19,825 m. (65,042 ft.) 
Of which there was already finished in 

the construction of Tunnel I.......... 649 m. ( 2,129 ft.) 
Leaving still to be constructed... 19,176 m. (62,913 ft.) 


The construction began with the erection of the outside 
plant in December, 1912. The top heading was begun on the 
north side on Dee. 20, 1912, and on the south side April, 1913. 
The widening and the masonry followed close upon the head- 
ings. The Meyer system of air drills was used. In each drift 
about 40 drills were operated, on an average, when the work 
was under full headway, in the year 1914. For the arch and in 
parts of the walls, in those stretches where there was not much 
pressure, there was used an artificial stone, manufactured in 
Brig, with a compressive strength of at least 260 kg. per sq. em. 
(3700 lbs. per sq. in.). 

Compressed-air and storage-battery locomotives are used 
inside and steam locomotives outside the tunnel. Until July 15, 
1915, ventilation was provided by the equipment used for the 
service of Tunnel I. Since then a new and larger plant, in con- 
nection with the power station for the electric haulage of trains, 
is in operation on the north side. It delivers 90 cubic meters 
(3178 cu. ft.) per second for Tunnel I and 25 cubic meters (883 
cu. ft.) per sec. for the north heading of Tunnel II. The southern 
workings will be ventilated from Iselle. The highest temperature 
encountered was 24° C. on the north side in July, 1914. 
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The Director of departmental construction was able to pro- 
ceed most advantageously, because, having had the benefit of ex- 
perience during the construction of Tunnel I and the heading 
of Tunnel IL and knowing meter for meter just what rock 
would be encountered and what difficulties would have to be 
overcome, he was able to select at will the number and posi- 
tion of the workings. Hence the construction of the difficult 
stretch at Km. 4.352 to 4.500 (2.70-2.795 mi.) from the south 
portal was begun in May, 1913, in order to have this completed 
before the regular driving of the tunnel from the portal reached 
that point. In that way the adjoining stretches of about 100 m. 
(328 ft.) on each side of the proper pressure stretches were com- 
pleted; with this the stretch lying in the dolomite region of cold 
springs at Km. 4.352 to 4.452 (2.70 to 2.765 mi.) ; after that the 
pressure stretches passing through the soft limestone and mica- 
schist, at Km. 4.452 to 4.500 (2.765 to 2.795 mi.) were undertaken 
in the following order : 


1. Invert blocks were placed the entire length of the pres- 
sure stretch, with carefully built masonry foundation for the 
iron centers in the bottom heading. 

2. Building the side walls for the entire length and con- 
ereting the spaces between the iron frames and the rock walls. 

3. Excavation of the arch and lining with masonry. 


4. Removal of the iron frames, installation of the conduits 
and leveling up of the bottom with concrete. 


In order not to release the latent pressure of the mountain, 
two things were necessary—rapid work and the immediate fill- 
ing of the hollow spaces. 

The work progressed favorably. Begun December, 1913, 
it was hoped that the last arches could be united at the end of 
April, 1914. About the middle of April, with still three 4-meter 
(13.1 ft.) rings of the arch open and two courses in the wall 
on the point of completion, certain agitators decided that it 
was the psychological moment to start a victorious strike. The 
management sought to insure provisional safety for the unfin- 
ished places and answered, on the 18th of April, with a com- 
plete suspension of work; already on the 26th of the same 
month the work was unconditionally resumed and brought to a 
satisfactory completion on the 29th of May, 1914. 
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The work in Tunnel II only slightly affected Tunnel I 
along the pressure stretches. On the other hand, the so-called 
‘‘shelling’’ of the rock met with in the construction of Tunnel I 
repeated itself in the Antigorio gneiss from the south portal up 
to Km. 4.380 (2.72 mi.). Flakes and slabs would fly off with a 
loud report from the living rock. This would occur without 
any warning and there is no known method of avoiding it. It 
must be attributed to the release of internal stress existing in 
the mountain. Such a ‘‘shelling’’ of rock caused considerable 
dislocation of the conduit, side wall and arch of Tunnel I, in 
July, 1914, at Km. 3.300 (2.05 mi.) from the south portal. The 
western wall had to be replaced and strengthened for a length 
of about 25 meters (82.0 ft.). The reconstruction of the arch 
and the placing of an invert must be deferred, if possible, to 
the time when the train service can be transferred to the com- 
pleted second tunnel. 

Owing to the mobilization of the Swiss army on Aug. 3, 
1914, the greater number of the workmen were dismissed and 
the work confined to a short stretch along which the comple- 
tion of the masonry lining was necessary to insure the safety 
of Tunnel I. 

By the end of December, 1914, 8942 m., or 43.6% of the 
entire tunnel was completed. The total number of days’ work 
since the beginning of construction was 1,041,129. The num- 
ber of fatalities was four. 


In January, 1915, the work in the tunnel on the south side 
was taken up again. Work on the north side is still in abey- 
ance at the time of this report. 


The cost of hning the 52 meters (171 ft.) of pressure stretch, 
inclusive of the safe-guarding of Tunnel I, was given by Chief 
Engineer Rothpletz at 370,673 Fr. ($71,539), or 7128.32 Fr. per 
meter ($419.44 per ft.). The driving of the second heading 
has probably cost about the same amount. 

The total cost of the completed Tunnel II is estimated at 
27,500,000 Fr. ($5,307,500). This figure would place the cost of 
the completed double tunnel, without ballast, track and electric 
installation, at 86,000,000 Fr. ($16,598,000) or about 4338 Fr. 
per meter ($255.25 per ft.). 
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2. The Weissenstein Tunnel. (No. 2 of Table B.). 

The Weissenstein Tunnel, 3700 m. (12,139 ft.) of single 
track, on the line of the Solothurn-Miinster standard-gage 
branch, pierces in the Jura Mountains the two-fold lines of 
the Weissenstein and the Graitery chains between the stations 
of Oberdorf and Gansbrunnen, and passes under the valley of 
Gansbrunnen between these two mountains. 

The establishment of the tunnel axis was accomplished by 
a direct survey over the mountain; the length of the tunnel was 
determined by triangulation. 

Construction was commenced the end of 1903; the holing 
through occurred on September 23, 1906, and the completion 
at the close of 1907. Of the entire length, 3518 meters (11,542 
ft.) are on a grade of 1.8% and the remaining 182 meters (597 
ft.) are horizontal. The steepest grade on the open road is 
2.8%. 

As a system of construction, the driving of a bottom head- 
ing at sub-grade level of 6 sq. meters (64.58 sq. ft.) cross-sec- 
tional area was chosen. From the bottom heading uprisers were 
driven to the top of the arch; later followed the construction of 
a top heading, then widening above the spring line to full sec- 
tion, excavation of the lower section and hning with masonry. 
Next the short horizontal portion on the north side was under- 
taken by hand drills. Inasmuch as the water conditions proved 
favorable, the heading was carried over to the reverse grade and 
passed under the Ginsbrunnen Valley, where floods of mud and 
water, and then a cave-in, occurred. At Km. 0.294 (0.18 mi.) 
from the north portal, work on this side was suspended. On the 
south side the drilling was done with percussion drills, which 
were operated at a pressure of about 7 atmospheres. In the 
bottom heading there were usually in operation three drills of 
90 mm. (3.55 in.) diameter on a drill carriage, mounted on a 
horizontal drill shaft fastened securely against side and roof 
by hand screws. 

The compressed-air pipes had a diameter of 90 mm. (3.55 
in.) from the plant to a point about 30 m. (98.4 ft.) from the 
face of the heading and from there a diameter of 50 mm. (1.97 
in.). A water pipe of 38 mm. (1.5 in.) diameter delivered the 
necessary water for washing out the drill holes. 
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In traversing the foldings of the Jura Mountains all the 
characteristic and various strata belonging to the Trias, Lias, 
dogger and malm formations were encountered, such as gypsum- 
keuper, dolomite, opalinus clay, oolite, Portland-marl, Hffinger 
and Geissberger lime, oolitic spar, Kimmeridge lime, ete. At 
the south portal and in the Gansbrunnen Valley, the Tertiary 
conglomerates, fresh-water limestone and molasse, the latter for - 
the most part in the form of marls, and a short stretch of Quar- 
ternary moraine were encountered. The mountain was highly 
metamorphosed and demanded, especially in the marl and anhy- 
drite strata and opalinus clays, either immediate or subsequent 
lining. 

Owing to the frequent inrushes of water, which reached at 
times 450 second-liters (15.9 eu. ft. per sec.), the work was 
often delayed and rendered more difficult. In October, 1904, 
when the work was uninterrupted, an average daily progress 
was made of 6.50 m. (21.3 ft.) and a maximum of 8 m. (26.2 ft.). 
For the whole construction time the average monthly headway 
in the bottom heading on both sides together was about 113 m. 
Gieit). 

The control of the tunnel axis taken after joining the two 
headings showed a lateral deviation of 49 mm. (1.93 in.), a dif- 
ference in elevation of 11 mm. (0.43 in.), while the actual length 
of the tunnel was 0.66 m. (2.165 ft.) shorter than the calculated 
length. 

The tunnel was ventilated by three Sulzer ventilators ar- 
ranged in series. 

The air pipes in the finished tunnel had a diameter of 600 
mm. (23.6 in.). Pipes of 350 mm. (13.8 in.) diameter were laid 
in the neighborhood of the heading and provided with sheet- 
metal protection as far as was necessary. The air temperature 
in the headings was from 11° to 13° C, the temperature of the 
springs from 8.50° to 9.50° C. 

The necessary machines and workshops for the construc- 
tion of the tunnel were installed at the south entrance; at that 
place there were also installed the necessary welfare and safety 
arrangements for the workmen. 3 

Wangen, on the River Aare, furnished the electric power. 

Masonry lining was anticipated for only 50% of the length 
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of the tunnel. In actual fact, the tunnel had to be lined com- 
pletely for a distance of 3025 meters (9924 ft.) and partially 
for a further distance of 297 m. (974 ft.), or altogether 87% of 
its entire length. There remained, altogether, a total distance of 
478 m. (1568 ft.) unlined, or 18%. After the tunnel was opened 
for traffic it was necessary, in the Molasse marl region at Km. 
2.9-3.4 (1.8 to 2.1 mi.) from the south portal, to construct an 
invert and to grout the roof arch in certain places for the pur- 
pose of making it watertight. 

For the most part the masonry lining was a light stone 
section, partly with footings for the invert; a stronger section 
was used only for a distance of about 32 meters (105 ft.) 
through the stretch of moraine. The stone work, consisting of 
limestone, was set in hydraulic-lime mortar and in wet places in 
cement mortar. 

Later on, in the completion of the arch, cast concrete blocks 
were used. 

The cost of the completed tunnel, inclusive of the additional 
work taken over by the Railway management, amounted to 
3,691,273 Fr. ($712,415.68) at the end of 1914, or about 998 Fr. 
per running meter ($58.68 per ft.). 

3. The Ricken Tunnel. (No. 3 of Table B.) 

This tunnel is 8603 meters (28,225 ft.) long, single track 
and on a tangent. It lies between the stations of Kaltbrunn and 
Wattwil on the Uznach-Wattwil line which connects the basin 
of Ziirich Lake with the valley of the Thur. 

The longitudinal profile shows a grade of 1.575%, all on 
the north side, while the maximum grade of the whole line is 
2.0%. The survey of the tunnel was carried out by means of a 
tying in of the established points on the axis in the neighbor- 
hood of the tunnel mouth with the governmental triangulation. 
The bench mark for leveling was tied in with the government 
levels. The two approaches and portals of the tunnel lie in 
loose earth and moraine. For the remaining distance the tunnel 
traversed the so-called ‘‘Ebnater’’ and ‘‘Bildhauser’’ strata 
formed of sandstones and marls and belonging to the lower 
Siisswassermolasse of the pre-Alpine period. 

The first 300 meters (984 ft.) were opened up with a top 
heading and constructed according to the Belgian method. The 
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remaining 8300 meters (27,230 ft.) were carried on with a bot- 
tom heading. On the south side to a point about 2220 meters 
(7282 ft.) from the portal, the bottom heading was 1.45 meters 
(4.76 ft.) above the bottom of the tunnel; for the remaining 
6080 meters (19,947 ft.) it lay on the bottom of the tunnel itself. 
The first plan, which involved the laying of the walls and the 
use of many tracks at the same time, was not satisfactory and 
was abandoned in favor of the second method. By this method 
the top cut uprisers followed the bottom heading in two stages, 
then widening above the spring line to full section, excavation 
of lower section, and the masonry lining of the side-walls and 
arch. In the pressure stretch of about 200 m. (656 ft.) long, at 
point 3.230 km. (2.0 mi.) from the north portal, after the bot- 
tom heading was carried up, the two side lower sections were 
stoped out and the side walls were laid up in masonry, so that 
until the excavation of the arch section, some four weeks later, 
its entire weight was carried on the wood centers. This was 
followed by earth motions, cracks, and contractions in the com- 
pletely walled tunnel to such an extent that the entire recon- 
struction of the masonry of this stretch was necessary. 

The heading had a cross-section of from 6.0 to 6.2 sq. m. 
(64.58 to 66.74 sq. ft.). Excavation was accomplished by hand, 
in hard chalky sandstone with the customary two-man drill, in 
the soft marl with ratchet drills similar to hand drills, which 
drilled 1.00 to 1.20 meters (3.28 to 3.94 ft.) of hole in thirty 
minutes. Dynamite was used for blasting purposes. 

A roof-lagging was, for the most part, sufficient in the 
heading. The average daily progress in driving the heading 
was 2.7 to 3.6 meters (8.86 to 11.8 ft.). On account of a strike, 
work in the headings was suspended from July 3 to Aug. 1, 1904. 
Begun in January, 1904, the headings were holed through on the 
30th of March, 1908, at 4.400 km. (2.73 mi.) from the south 
portal. The final measurements showed a lateral deviation of 
the two axes of 155 mm. (6.1 in.), a difference in height of 28 mm. 
(1.1 in.) and a difference in length of 0.19 m. (0.62 ft.). The 
tunnel was completed in July, 1910. 

The tunnel is lined entirely with masonry. The material 
used is lme-sandstone of about 1330 to 1350 kg. per sq. cm. 
(18,900 to 19,200 lbs. per sq. in.) compressive strength. In the 
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dry stretches hydraulic-lime mortar was used, and in the pres- 
sure stretches and wet portions Portland cement. The average 
monthly headway along the arch was 102 to 105 m. (335 to 344 
ft.), the maximum 162 m. (531 ft.). 

Plants for the necessary ventilation, motors, pumps, etc., 
were established at both ends of the tunnel. Telephone com- 
munication connected the workings with the plants. Air was 
supplied through pipes of decreasing diameters of 80, 60, 40 and 
35 em. (31.5, 23.6, 15.8 and 13.8 in.) to the face of the headings. 
Air and rock temperatures ranged between 17° and 22° C. 
While, in accordance with the geological predictions, work was 
hindered by no great inflow of water, nevertheless in the driv- 
ing of the locating heading and the widening, fire-damp, or 
Methane (CH,), was met with most unexpectedly on many oc- 
casions. These gas sources were characteristic of the lignite 
strata lying in the sandstone (Molasse) region. The appearance 
of this gas necessitated interruptions and disturbances in the 
work of construction. On the 9th of March, 1907, on the north 
side 42 meters (138 ft.) back of the face or at Km. 4.141 (2.57 
mi.) where widening was proceeding, an exceptionally strong 
gas source was cut into. This gas, burning with a broad, thick 
flame about 1 meter (3.28 ft.) long, necessitated, on account of 
the great amount of heat produced, a suspension of the work 
and a lagging up of the roof of the rear stretch of marl, where, 
owing to the drying out of the rock, considerable stone was 
loosened. Though the intensity of the escaping gas ceased rather 
quickly, the work remained stationary at Km. 4.203 (2.61 mi.). 
On March 28, 1907, at Km. 3.799 (2.36 mi.) a strong gas source 
was encountered on the south side and ignited by the blasting. 
This occurrence, unique in the construction of Swiss tunnels, 
occasioned a longer suspension of the work. To protect the 
workings lying behind, the burning portion was shut off by a 
bulkhead 12 m. (39.4 ft.) thick, so that when the air was shut 
off the fire went out. Two pipes, provided with valves and 
located in the bulkhead, served the purpose of sampling peri- 
odically the gas discharged as to composition and pressure. The 
result showed a content of Methane of 91% to 92% and a pres- 
sure of 12 mm. (0.47 in.) of water. At Km. 3.524 (2.19 mi.), 
that is, as far as the tunnel was supported by wood, excavation 
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and masonry were carried on and finished. After that the work 
was confined to the installation of the necessary apparatus for 
the removal of the imprisoned gas. 

After this was accomplished—by the middle of October, 
1907—and the wall and earth dam removed, the construction 
of the heading was resumed on the 22nd of the same month. 
By means of a copious supply of air (about 5 eubie meters [176 
eu. ft.] per second), the use of safety explosive (Grisoutine), 
safety lamps, electric lighting, suspension of all other work in 
the tunnel during the driving of the heading, the exclusion of 
steam locomotives from the tunnel, construction of air-tight 
trap-doors and refuge stations for the laborers, provision of life- 
saving apparatus (oxygen equipment) and bandages, it was 
endeavored to avoid all the perils consequent upon the prose- 
cution of the work. Owing to this there was no loss of life to 
be regretted on account of further escape of gas. 

The number of days’ work consumed in the construction 
of the tunnel was 1,521,978. There were seventeen fatalities. 

The cost of construction of the Ricken Tunnel was 12,867,- 
200 Fr. ($2,483,370), or about 1495 Fr. per meter ($88.00 
per ft.). 

4. The Wasserfluh Tunnel. (No. 4 of Table B.) 

The Wasserfluh Tunnel of the Bodensee-Toggenburg Rail- 
way, 3557 m. (11,670 ft.) long, lies between the stations of 
Brunnadern and Lichtensteig, connecting the Necker and the 
Thur Valleys. The tunnel is single track; it runs in a straight 
line with the exception of a curve of 400 m. (1312 ft.) radius 
and about 400 m. (1312 ft.) long at the eastern portal and has a 
grade of 1.04% toward the west portal at Lichtensteig. The 
maximum grade of the outside line is 1.85%. The survey of 
the axis was accomplished by means of auxiliary points on top 
of the mountain. The length of the tunnel was ascertained 
without direct triangulation by means of a ealeulation of the 
coordinates of the axis points surveyed on both sides and tied 
in to the triangulation of the canton. The elevations were 
determined by double levels and by trigonometric computation 
as well. 

For almost its entire length the tunnel passes through dense 
conglomerate occasionally intersected by seams of marl. 


a 
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The order of construction consisted in the driving of a bot- 
tom heading of about 8 sq. meters (86.11 sq. ft.) cross-section, 
driving uprisers, top cut, widening to full arch section, excava- 
tion of lower section, and laying the masonry of the walls and 
arch. 

Owing to the grade being on one side, the principal part 
of the work was concentrated at the west portal on the up grade 
and machine drills installed here. Hand drills only were used 
on the east side. A plant was therefore installed suitable to 
each end of the tunnel. The machine drilling was done by 
three pneumatic percussion-drills of the Bechem and Keet- 
mann pattern, mounted on a horizontal cross-bar ; for the widen- 
ing and trimming, H. Flottmann & Co.’s drills were used. One 
drill, with a working pressure of from 4 to 6 atmospheres, makes 
190 blows per minute of 225 mm. (8.86 in.) stroke, using about 3 
cubic meters (105.9 cu. ft.) free air and bores 1 meter (3.28 ft.) 
of drill hole in the hard tough rock in about 13 minutes. A 
meter of the heading required 15 to 20 kg. of dynamite (10 to 
13.5 lbs. per ft.) ; the average daily headway was 3.50 to 4.50 
meters (11.5 to 14.8 ft.). The hand drills gave a similar head- 
way of 1.30 to 1.50 meters (4.26 to 4.92 ft.). A percussion drill, 
with a weight of about 13 kg. (28 lbs.) and a stroke of 25 mm. 
(0.98 in.), made a meter (3.28 ft.) of bore hole of 23 to 30 mm. 
(0.9 to 1.18 in.) diameter in hard rock in 18 to 20 minutes (1 ft. 
in 6 min.). 

Timbering was necessary in only a few places, particularly 
where the top heading was being driven in marl strata. The 
ventilation of the west heading, attempted by means of the use 
of two Sulzer ventilators No. VII, was hardly sufficient and had 
to be increased before holing through by the introduction of two 
pneumatic injectors into the air conduit, which, on account of 
being operated by compressed air, could only work when the 
drills were not running. The tunnel is lined with masonry for 
its entire length, for the most part only 40 em. (15.7 in.) thick. 
There were no pressure stretches; on the other hand, at 2.280 
km. (1.42 mi.) from the west portal a water cavity was cut into, 
which, flooding the tunnel, quickly spent itself; the remaining 
flow decreased to about 10 liter-seconds (0.35 sec-ft.). Lime- 
sandstone and lime conglomerate were used for the masonry, 
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laid in hydraulic lime, and in the wet places, in cement mortar. 
One portion of the wall was built of concrete 1:3:6; some hun- 
dred meters of the arch, of concrete blocks 1:2:5 set in cement 
mortar. Particularly notable is the construction of economizing 
arches in the side walls. 

The bottom heading was commenced the end of December, 
1905; the holing through followed on the 2nd of April, 1909, 
at 2419.55 m. (7938 ft.) from the west portal. 

The control showed a latera! deviation of the two axes of 
50 mm. (1.97 in.) and a difference in elevation of 10 mm. (0.39 
in.) ; the measured length was 0.28 m. (0.95 ft.) longer than the 
ealeulated length. 

The masonry lining was completed on the 6th of May, 1910. 
The average daily number of workmen reached a maximum in 
September, 1909, with 743 men. 

It is to be noticed in passing, that the work was carried on 
as departmental construction from the end of December, 1905 
until April 30, 1907. <A contracting firm operated from May, 
1907 until June, 1908. This firm had to undergo two strikes, 
and on account of insufficient progress had to abandon the work, 
which was completed by the Railway Company itself. 

The cost of the finished tunnel was 2,786,700 Fr. ($537,833), 
or about 784 Fr. per meter ($46.10 per ft.). 


5. The Jungfrau Railway Tunnel. (No. 10 of Table A and No. 

5 or Table.B.) 

The railway, which proposes boldly to reach the peak of the 
Jungfrau, 4166 m. (13,668 ft.) high, the famous summit of the 
Bernese Alps, is now built and opened for operation with a 
total length of 9474 m. (31,083 ft.) to the station of Jungfrau- 
joch at an elevation of 3457 m. (11,342 ft.). At this point the 
work has been provisionally stopped. From Km. 2.163 (1.34 
mi.), where the road traverses the solid rock of the Eiger to 
the present terminus—that is to say, at 7113 m. (23,337 ft.)— 
the road hes in a tunnel, which winds in curves with a least 
radius of 167 m. (548 ft.) near the surface of points between 
stations, windows cut through the rock can be reached by 
means of short cross-drifts. 

The tunnel was constructed in four sections from 1897 
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to 1912. The survey inside the tunnel was based on topograph- 
ical and photogrammetrical measurements of the mountain. 

As the longitudinal profile indicates, the grade in the sta- 
tions was 3 to 11%; for a stretch of about 3 km. (1.9 mi.) 
between Eismeer and Jungfrau-joch 6.33%, and for the re- 
mainder 25%. 

The working was driven as a top heading and worked from 
the under side only. It was then immediately widened to full 
section in the arch and the side stopes removed. The tunnel 
lies for its entire length in unusually hard rock, the lower 5 
km. (3.1 mi.) in Alpine limestone and the upper part in gneiss. 
On that account it was possible to do away with not only the 
timbering of the heading but also the masonry lining of the 
tunnel. 

The theoretical excavated profile measured 3.7 m. (12.14 
ft.) wide, 4.05 m. (13.29 ft.) high above the top of the ties with 
a cross-section area of 14.6 sq. m. (157.1 sq. ft.) and a depth of 
ballast of 0.30 meters (0.98 ft.). 

The actual cross-section proved to be larger than the theo- 
retical in consequence of the greater amount of rock which had 
to be removed during the first years. Also the niche, 0.70 m. 
x 0.85 m. (2.3 x 2.79 ft.), which was blasted out from Km. 2.20 
to 3.80 (1.37 to 2.36 mi.) at the spring-line level, and intended 
for carrying the high-pressure current, crumbled slowly away, 
so that the unprotected conductor, carrying a 7000-volt current, 
had to be replaced in a short time by a cable. 

The drilling was done as far as the station of Hismeer by 
electrical drills, at first by those of the Union Electrical Co. of 
Berlin, according to the Marvin system, and then by Siemens 
& Halske erank-percussion drills. Two of the latter machines 
did as much as four of the Marvin system machines. The 
Siemens & Halske machine used, moreover, only 1.50 hp., 
while the Union machine used 5 hp. On the other hand, 
the cost for repairs of the former was 100% higher than for 
the latter. From Eismeer on, compressed-air drills, Ingersoll 
system, were used; also percussion drills of the Flottmann sys- 
tem subsequent to the year 1910 were occasionally employed. 
The freezing of the air conduit was prevented by the installa- 
tion of a condensed-water receptacle. 
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The average monthly progress in the heading reached 115.2 
m. (378 ft.) ; in the lower side stopes, about 115.00 m, (877 fg 
the highest daily progress was 4.80 m. (15.7 Ds 

A single blast in the heading gave about 0.85 m. (2.79 ft.) 
progress on an average; in the lower side stopes, about 1.40 m. 
(459it.): 

Dynamite and Westfalite were used for blasting. One 
running meter of the tunnel fully excavated required about 40 
kg. (26.8 lbs. per ft.) of blasting powder, 65 m. of fuse and 35 
firing caps (65 ft. of fuse and 11 firing caps per ft.). In the 
beginning, especially during the winter months, frequent acci- 
dents resulted from frozen dynamite. Thereupon the manufac- 
turers produced a special brand of ‘‘not easy to freeze’’ dyna- 
mite, and such accidents were thus prevented. 

Various ventilators, which delivered the air at the head- 
ings, were used for the ventilation of the tunnel. Inasmuch as 
the higher one went, the less oxygen there was, the bad effects of 
the gases due to dynamiting made themselves felt by the work- 
men sooner and much more noticeably than in the valley. Owing 
to insufficient ventilation, symptoms of carbon monoxide pois- 
oning frequently appeared among the workmen, such as head- 
ache and complete loss of consciousness. On that account an 
oxygen inhaling apparatus was kept in the workings. The 
diameter of the ventilating pipe was 400 mm. Three ventilators 
were put into the air pipe at about 1 km. (0.6 mi.) apart. 
The temperature in the tunnel ranged from + 7° C in the upper 
part to — 3.0° C. 

It might be mentioned, as a most extraordinary event, that 
on Sunday, the 15th of November, 1908, in the storeroom at Km. 
3.600 (2.23 mi.) the whole winter’s supply of dynamite, about 
25,000 kg. (55,120 lbs.) exploded. The cause of this acci- 
dent is yet unknown. The partition wall at the tunnel bore, 
about 20 m. (65.6 ft.) thick and for a distance of about 40 m. 
(131 ft.) was seriously damaged. Fortunately there was no 
further accident. 

According to the accounts of the Company, the cost of the 
tunnel, without the lateral widening for the stations, was: 
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Per 
For the streteh— Length Elevation running m, 
m* m* Fr.7 Fy, 
Scheidegg-Rotstoeck _....... 759 2100-2500 466,559 614 
(672+ 872) 
Rotstock-Eigerwand _....... 1510 2500-2900 995,030 659 
Higerwand-Eismeer _...... 1296 2900-3200 1,286,480 993 


Hismeer-Jungfrau-joch .. 3635 3200-3500 4,126,204 1135 


LXE Pe ene eee 7200 2100-3500 6,874,273 955 


Notwithstanding the experience gained during the years and 
the introduction of improvements in the operation of construe- 
tion, there was a heavy advance in the unit costs of the tunnel 
for the step 3200-3500 m. elevation (10,500-11,480 ft.) compared 
to that from 2100-2500 m. elevation (6890-8200 ft.). Difficult 
conditions affecting work, transportation and rock formation 
are considered the principal factors occasioning this astonishing 
difference. 

6. The Létschberg Tunnel. (No. 6 of Table B.) 

After a new connection with Italy had been assured for 
West Switzerland and the country lying behind it, by means 
of the Simplon Tunnel between the Mt. Cenis and St. Gotthard 
Tunnels, the canton of Bern aspired to get for itself and that 
area lying to the northwest and traversed by French, English 
and Belgian railways, a direct line to the Simplon and the upper 
part of the Canton of Wallis. After careful examination of 
various competitive plans, the line through the ‘‘Létschberg’’ 
was chosen. 

The enterprise was financed in 1906 by the Bern-Alpine 
Railway Company, Bern-Lotschberg-Simplon, on the basis of a 
forfeiture contract entered into with a French firm of con- 
tractors. The line was to be built with a maximum grade of 
2.7% and a least radius of curvature of 300 m. (984 ft.). It 
was to be operated by electricity, with a 15,000-volt single- 
phase alternating current of 15 cycles. The total cost of con- 
struction was estimated at 83,000,000 Fr. ($16,019,000). The 
most important part of the work, which lay between the sta- 


Pamelor ——o.78 it.) france — $0: 1193: 
= Small tunnel between Scheidegg and Higergletscher. 
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tions Kandersteg on the north and Goppenstein on the south, 
was the Loétschberg Tunnel. This tunnel, about 13,800 m. 
(45,275 ft.) long, single track with a turn-out in the middle, 
was undertaken by a syndicate of contractors for the lump 
sum of 37,000,000 Fr. ($7,141,000). The Canton of Bern shared 
the cost of construction by assuming a subsidy in the sum of 
17,500,000 Fr. ($3,377,500). The Swiss Confederation, for its 
part, made an additional grant of 6,000,000 Fr. ($1,158,000) in 
order that the large tunnel might be double-tracked from the 
beginning and that both approach slopes might be prepared for 
double-tracking later. The total cost of the tunnel was in- 
ereased to 50,000,000 Fr. ($9,650,000) owing to the double 
tracking. 

Immediately after the signing of the contract, in July, 1906, 
the work of surveying was begun. The tunnel was laid out on 
a tangent, with the exception of a curve 93 m. (305 ft.) long 
and with a radius of 400 meters (1312 ft.) at the south approach. 
The Kandersteg and Goppenstein axis points were connected 
to each other by a simple triangulation with the geodetic tri- 
angulation of the III order of the Bernese Oberland. In this 
way a sufficiently accurate survey was made over the mountain, 
taking into consideration the deviation of the plumb line, and 
which permitted the tunnel alignment to be given on each side 
by a sight to a signal point through tipping of the telescope. 
The determination of the elevation of both axis points was ac- 
complished by tying in to government precision levels. The 
longitudinal profile given in the accompanying table shows that 
the north portal was 1199.9 m. (3937 ft.), the summit 1242.7 m. 
(4077 ft.) and the south portal 1219.45 m. (4001 ft.) elevation, 
and that the grade on the north side was 0.7 and 0.3% and on 
the south side, 0.38 and 0.245%. The maximum clear opening 
of the double-track tunnel is 8.00 m. in width, 6 m. in greatest 
height (26.2 ft. x 19.7 ft.), and has a cross-section of 40.7 sq. 
meters (438.1 sq. ft.). The conduit [60 x 60 em. (23.6 x 23.6 
in.) with 0.7% grade], can drain off 730 sec-liters of water 
(25.8 sec.-ft.). 

The installations included, on both sides, the plant for the 
operation of the drills and ventilators, setting-up and main- 
tenance of the machinery, tools and transportation material; 
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lodging for the officials and men; and welfare equipment such 
as baths, showers, dry and disinfecting rooms, hospitals and 
schools. 

Meyer’s compressed-air percussion drills were used on the 
north side; on the south side, the Ingersoll drills. Two 2-stage 
compressors of about 350 hp. each furnished the necessary air 
at 10 atmospheres pressure. For ventilating purposes there 
were two Capell centrifugal blowers of 60 cubic meters (2118.9 
cu. ft.) per minute capacity each, at a pressure of 250 mm. (9.84 
in.) of water. The furnishing of fresh air to the workings was 
gradually improved in 1909 and 1910 by the installation of two 
powerful Capell fans of 25 cubic meters (882.9 cu. ft.) per 
second capacity each, at 250 mm. (9.84 in.) of water pressure, 
each requiring 160 hp. There was built in the finished tunnel an 
air duct of 6.4 sq. meters (68.89 sq. ft.) cross-section through 
one of the masonry partition walls, at the end of which second- 
ary ventilation, consisting of turbo-blowers, injectors and sprays 
of water, was installed, in order to bring fresh air—0.5 to 1.0 
cubic meters (17.65 to 35.3 cu. ft.) per second—to the face of 
the workings. After holing through, the secondary ventilation 
was discontinued, the wall broken down, and the ventilation 
carried on, partly by blowing, partly by suction through the 
full tunnel section. 

Transportation in the tunnel was provided by means of 
compressed air locomotives, for which 2 Meyer’s and 2 Inger- 
soll compressors of 220 hp. each furnished air at 120 atmos- 
pheres. The gage of the ‘‘dinky’’ was 0.75 m. (2.46 ft.). 

The entire plant was operated by electricity. The electric 
energy, about 400 hp. at first and reaching 2500 hp. in the four 
working years, was furnished by the railway company from the 
power plants of the United Kander and Hagneck Works as a 
three-phase 15,000-volt alternating current. The electric stations 
contained all the necessary means for transforming and distrib- 
uting the current. For this the contractors had to pay a sum of 
one million Fr. ($193,000) for each end of the tunnel. 

The complete excavation was accomplished from a bottom 
heading of 6 sq. meters (64.6 sq. ft.) cross-section, through top 
drifts or uprisers according to the character of the rock. 

According to the opinion of the geological experts, the tun- 
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nel, after traversing in its northern third the talus lying on the 
slope of the mountain, should pass through Cretaceous and 
Jurassic sedimentary deposits. The Gastern granite and crys- 
talline slate comprised the other two-thirds. In the Gastern 
Valley, which was crossed at a depth of 180 m. (590 ft.) be- 
neath the floor of the valley, the tunnel must certainly have 
had not less than 100 m. (328 ft.) of solid rock above it. An- 
other opinion, to which little attention was paid, advocated the 
digging of a test shaft over the tunnel center in the Gastern 
Valley for the purpose of obtaining some light on this last 
question. 

Drilling began in October, 1906, with hand tools; machine 
drilling began on the north side on the 7th of March and on 
the south side on the 9th of April, 1907. Four and one half 
years after the beginning of the machine drilling, that is, on 
the 9th of September, 1911, the tunnel, according to contract, 
was to be completed. The average daily progress reached a 
maximum in the limestone of the north side in June, 1908, of 
7.07 m. (24.8 ft.), in the gneiss of the south side in August, 
1908, with 6.10 meters (20 ft.). In the second quarter of 1908, 
on the north side the daily number of rounds* was 6; on the 
south side, 5. There were required per cubic meter of excava- 
tion in the bottom heading in the high mountain limestone of the 
north side in the second quarter of 1908, 2.44 m. (6.12 ft. per 
cu. yd.) drillhole, 3.76 kg. (6.33 lbs. per cu. yd.) dynamite and 
an equivalent of 2.42 m. (6.06 ft. per eu. yd.) drill steel. Each 
drill cut 117 meters (384 ft.) of hole before repairs were nec- 
essary. Per cubic meter of the remaining excavation, 0.50 ke. of 
dynamite was used (0.85 lbs. per cu. yd.), or an average for 
the whole excavation of 1.18 kg. (1.91 Ibs. per cu. yd.) was 
required. The erystalline schist and gneiss of the south side 
required at the end of 1908, 2.63 m. (6.61 ft. per cu. yd.) of drill 
hole, 4.16 kg. (7.02 lb. per cu. yd.) of dynamite and 4.64 m. 
(11.6 ft. per eu. yd.) of drill steel per cubic meter excavated. 
Each drill made 1 meter (3.28 ft.) of hole in 0.387 of an hour and 
after boring 29 meters (95 ft.) of hole had to be repaired. 
For widening to the full section, which was done in part by 
boring drill, in part by percussion drill and in part by hand, 


*Round-drilling heles, backing away and shooting. 


RAILWAY TUNNELS OF SWITZERLAND 363 


1.32 kg. (2.23 lbs. per cu. yd.) of dynamite was used, or an aver- 
age for the whole excavation of 1.70 kg. per cubic meter (2.88 
lbs. per cu. yd.). In the Gastern granite section in the middle 
of the tunnel the quantity of dynamite used and the wear and 
tear on the drills was somewhat higher. 

Two unfortunate events occasioned considerable delay in 
the driving of the headings in 1908. 

On the 29th of February, Goppenstein, the southern power 
and service site, was partially destroyed by an avalanche, and 
the hotel belonging to the company destroyed, whereby twelve 
people lost their lives. As a result of this occurrence, opera- 
tions were suspended on the south side during the month of 
March. This was followed on the north side on the 24th of 
July, at Km. 2.675, under the Kander River in the Gastern Val- 
ley, by a breaking in of water and earth. Within ten minutes 
about 7000 cubie meters (247,200 cu. ft.) of material and 2400 
cubic meters (84,700 cu. ft.) of water rushed into the heading 
and filled it almost entirely for a length of 1175 meters (3854 
ft.). The 25 workmen in the heading were not able to escape 
in time and perished. The cave-in spread up to the surface of 
the valley, where an elliptical depression of 40 by 50 m. (131 ft. 
x 164 ft.) diameter, and a maximum depth of 2.10 m. (6.9 ft.) 
appeared. There could be no doubt about it: the workings, 
contrary to the geological predictions, had left the solid rock 
lying on the right side of the valley slope and had run into the 
alluvial deposits of the Gastern Valley saturated with the 
ground-water of the Kander. The destroyed headings were for 
the time being abandoned, and closed at Km. 1.426 (0.88 mi.). 
The water escaped by means of seven pipes. The discharge of 
water decreased from an original 4000 to 95 second-liters (141 
to 3.3 sec-ft.). : 

Negotiations between the railway company and the con- 
tractors as to the continuing of the work, resulted with the con- 
sent of the Swiss Ry. Department, in abandoning the continua- 
tion of the tunnel in a straight line and in moving the crossing 
up the valley, in an easterly direction, where the granite re- 
mained in the floor of the valley. 

The relocated tunnel bends at Km. 1.203 (0.75 mi.) from 
the north portal, with a curve of 1100 meters (3609 ft.) radius, 
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from the straight line location towards the left and returns to 
the same (straight line location) after describing two wide 
curves of the same radius as above at Km. 3.998 (2.48 mi.) from 
the south portal. The new heading begins at Km. 1.368 (0.85 
mi.) so that the length of the abandoned portion amounted to 
1307 meters (4287 ft.). The length of the relocated section is 
9330 meters (30,610 ft.), of which 2237 meters (7338 ft.) are 
curved. The greatest deviation of the new location from the 
old is 1610 meters (5281 ft.). This necessitated an increased 
length of 810 meters (2658 ft.). 

Only in February, 1909, the work of driving could be taken 
up again. The daily progress increased amazingly. The average 
daily progress on the north side reached a maximum in July, 
1909—in Alpine limestone using 4 Meyer percussion drills—of 
10.66 meters (34.97 ft.). In January, 1911, in the Gastern gran- 
ite with 5 machines a maximum of 8.24 meters (27.03 ft.) was 
attained. On the south side, in March, 1911, using 5 Ingersoll 
machines, a maximum of 6.55 meters (21.49 ft.) was obtained. 
The greatest daily headway was 13.2 meters (43.31 ft.) in the 
limestone and 10.6 meters (34.77 ft.) in granite. 

The rock temperature reached a maximum of 34.0° C€ at 
a point 6.150 km. (3.82 mi.) from the south portal. The great- 
est depth of rock over the tunnel, about 1570 meters (5151 ft.), 
was at Km. 6.250 (3.88 mi.) from the south portal. 

The holing through occurred on March 31, 1911, at 7.353 
km. (4.57 mi.) from the north portal. The check measurement 
showed a lateral deviation of 257 mm. (10.1 in.) 102 mm. (4 in.) 
in the elevation and, relatively to the calculation, a decrease in 
length of 0.41 meter (1.35 ft.) in a total length of tunnel of 
14.612 km. (9.08 mi.). 

The lining of the tunnel could not keep pace with the rapid 
progress of the headings, because the ventilation left much to 
be desired until the holing through occurred. The masonry 
lining consisted principally of a thin facing, which was partly 
composed of artificial stone of a least compressive strength of 
180 kg. per sq. em. (2560 lbs. per sq. in.) after 28 days. An 
invert was constructed for only 426 meters (1398 ft.). 

In 1911 the water carried away by the conduit varied be- 
tween 60 and 566 liter-seconds (2.1 to 20 sec-ft.). 

The composition of the mortar employed is especially to be 


RAILWAY TUNNELS OF SWITZERLAND 365 


noted. In two factories especially constructed for the purpose, 
Portland cement was mixed with stone dust in varying degree 
and formed into ‘‘Lotschit’’. ‘‘Lotschit 10’’, or that mixture 
having a tensile strength of 10 kg. per sq. em. (142 Ibs. per sq. 
in.) was used instead of hydraulic lime; ‘‘Lotschit 22’’, or that 
having a tensile strength of 22 ke. per sq. em. (312.9 lbs. per 
sq. in.) was used instead of pure Portland cement. The Swiss 
test called for a minimum tensile strength of 6 kg. per sq. em. 
(85.3 Ibs. per sq. in.) for hydraulic lime and 22 kg. per sq. cm. 
(312.9 lbs. per sq. in.) for Portland cement, all after 28 days. 
Good lime and cement always give a considerable excess strength 
over the requirements. 

There was used on an average per cubic meter of masonry 
lining 120.to 150 kg. (202 to 253 lbs. per cu. yd.) of mortar. The 
lining was completed on the 22nd of April, 1912. This made 
7.3 meters (23.95 ft.) of completed tunnel per day. 

The total excavation was 843,034 cubic meters (1,102,190 
cu yds.), the masonry 190,098 cubic meters (248,535 cu. yds.), 
and 4,046,543 days’ work were consumed. There were 64 
fatalities. 

By postal order, 8,480,148 Fr. ($16,366,685) were sent to 
Italy. 

The railway was opened on the 15th of June, 1913. 

A suit is still pending between the Railway Company and 
the contractors arising out of the catastrophe of July 24th, 1908. 
Disregarding this suit, the cost of the tunnel was stated as 
50,071,000 Fr. ($9,663,700), or 3427 Fr. per meter ($201.65 
per ft.). 

7. The Tasna Tunnel. (No. 7 of Table B.) 

The Tasna Tunnel, 2350 meters (7710 ft.) long, lies on the 
Lower Engadine Bevers-Schuls line of the narrow-gage Rhaetian 
railway, between the stations of Ardez and Fetan. It is a 
side slope tunnel, made necessary by an extensive slide of the 
sides of the ravines in the valley of the Inn River between the 
valleys of Tasna and Pizza. 

The tunnel penetrates the slope in the Tasna Valley in a 
northerly direction in order to reach hard rock as soon as pos- 
sible, turns in a curve of 200 m. (656 ft.) radius towards the 
east and then runs in a straight line 2118 meters (6949 ft.) to 
the eastern portal in the Piizza Valley. 
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The jlongitudinal profile shows the tunnel as running from 
the entrance on the Ardez side for 300 m. (984 ft.) up with a 
gerade of 0.2% to the summit, 1385 m. (4544 ft.) elevation, 
whereupon a down grade of 2% occurs to the portal on the 
Fetan side. The maximum grade on the open line is 2.5%. 

The survey of the axis was done by means of a triangula- 
tion connected with both ends of the tunnel, the base line of 
which was connected with a base measured at Tarasp in the 
Inn Valley. 

The tunnel lies for about 300 meters (984 ft.) in broken 
eranite, then for a short space in serpentine, and for the most 
of its length in Biindner schist, which is intersected by veins 
of gypsum. On account of the weakness of the rock, and with 
an eye to economy, hand drills were used exclusively. On that 
account the plant was reduced merely to the installation of 
the absolutely necessary shacks and storehouses. An electric 
cableway connected the principal working headquarters at the 
entrance to the headings with the valley road, some 100 meters 
(328 ft.) below. The air was renewed in the tunnel by venti- 
lators at each end. 

The drilling began on the Fetan side in December, 1908; 
a year later on the Ardez side. 

The order of operations was as follows: 

From the tunnel entrance (on the Ardez side) as far 
as Km. 1.50 (0.93 mi.), the Belgian system was employed; 
that is, top-heading, excavation of the arch, lining of the arch, 
invert cut, complete excavation and building of masonry side 
walls. 

For the lower half, the work was carried out according to 
the ‘‘full excavation’’ method, that is, bottom heading, top cut, 
excavation of the arch, excavation of side stopes, and masonry 
ning of the walls and arch. 

The heading had an average height of 2.2 meters (7.22 ft.) 
and a breadth of 2.5 meters (8.20 ft.) and a cross-section of 5.5 
sq. meters (59.2 sq. ft.), and required timbering for practically 
half its length. 

The tunnel is lined throughout with ashlar set in Portland 
cement, and for about 1500 meters (4920 ft.) with a strength- 
ened pressure section, in part even as thick as 1 meter (3.28 ft.). 
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During the night of the 16th and 17th of June, 1910, at Km. 
0.200 (0.12 mi.) from the Ardez portal, a cave-in occurred in 
the heading, accompanied by a great inflow of water. Owing 
to this the driving of the heading on this side was discontinued 
for a full seven months and the holing through delayed at least 
three months. 

The holing through occurred on the 7th of July, 1912, with 
a very exact meeting of the axes; the masonry was finished by 
the end of April, 1913. This showed an average daily progress 
in the headings of 1.84 meters (6.03 ft.) and a progress of 1.50 
m. (4.92 ft.) of finished tunnel. 

The number of days’ work consumed was 257,109. Blast- 
ing powder was used as follows: For the headings, 26,700 ke. 
(58,740 lbs.) of dynamite; for the widening out 30,600 kg. 
(67,320 lbs.) of Westfalite, Telsite and Cheddite; 8,142,000 
firing caps and 185,000 meters (606,900 ft.) of fuse. 


This gives unit amounts as follows: 


Blasting Powder Firing Caps Fuse 
Per running me- 
ter in tunnel.. 24.4 kg. 3465 7.3) mr 
(16.36 lbs. per ft.) (1056 per ft.) (78 ft. per ft.) 


Renyicu:, sn. of 
excavation -..... 0.8 kg. 115 2.5 m. 
(1.35 lbs. per cu. yd.) (88 per cu. yd.) (6.28 ft. per cu. yd.) 


There were seven fatalities. 

The final figures are withheld, but the cost of the tunnel 
itself should be 1,592,000 Fr. ($307,256) or about 678 Fr. per 
meter ($39.86 per ft.). 

The opening of the Lower Engadine line, Bevers-Schuls, 
occurred on the Ist of July, 1913, according to program. 

8. The Mt. d’Or Tunnel. (No. 1 of Table C.) 

Instigated by a spirit of competition to have the best con- 
nection between Paris and Milan, the Paris-Lyon and Medi- 
terranean Railway Company of France determined to improve 
their approach to the Simplon Tunnel by means of a double- 
track cut-off from the station of Frasne to the Swiss border 
railway station of Vallorbe. The actual distance between Paris 
and Milan was shortened 17 km. (10.56 mi.) by a line 25 km. 
(15.53 mi.) long, the maximum grade on the French side was 
lowered from 2.5% to 1.5% and the summit of the line was 


368 RAILWAY TUNNELS OF SWITZERLAND 


lowered to 900.19 m. (2953.37 ft.) elevation, or about 115 meters 
(377 ft.). The line cuts through the Jura range of the Mont 
d’Or, 483 m. (1584 ft.) below the highest elevation, by a tun- 
nel 6097 m. (20,003 ft.) long of which 989 m. (3244 ft.) lie in 
Swiss territory. The maximum grade on the Swiss approach 
was 2.0%. The tunnel has a grade of 1.3%, entirely on the 
Vallorbe side, on a tangent of 5404 meters (17,730 ft.) and a 
1.09% grade on an approach curve of 700 m. (2296 ft.) radius. 
This condition necessitated the principal part of the work being 
done from the Vallorbe end. Four compressors were installed 
here requiring an aggregate of 940 hp. These delivered the air 
for the drills at 8 atmospheres. There were also three com- 
pressors of 220 hp. each for the operation of 7 compressed-air 
locomotives which required 150 atmospheres. For ventilation, 2 
Sulzer ventilators of 50 hp. each were set up outside the tunnel, 
three similar machines on the inside. 

For drilling in the heading on the north side, Meyer’s per- 
cussion or rotating drills were used, depending upon the nature 
of the rock. Of the latter there were four on a drill carriage 
with a cross shaft. For the widening out, percussion drills 
only were used. 

The plant installed on the Frasne side was simpler: one 
200-kw. transformer, one 210-hp. electric motor, one Ingersoll- 
Rand compressor for the operation of the percussion drills, one 
portable engine of 120 hp., with generator attached for reserve, 
one Farcot ventilator of 42 hp. for the ventilation, four electric 
pumps of 25 liter-seconds (0.88 sec-ft.) capacity for handling 
the water from the neighboring slopes, and three gasoline loco- 
motives for the tunnel service. 

The gage of the temporary tracks on the Swiss side was 
1.00 m. (3.28 ft.) ; on the French side, 0.60 m. (1.97 ft.). 

The electric energy for the operation of the installations 
at either side of the tunnel was furnished from the power house 
of the ‘‘Power Co. of Lake Joux’’ in the form of a three-phase 
eurrent of 13,500 volts. Baths, hospitals and schools were 
established. 

The tunnel axis was determined by a triangulation and a 
direct survey over the mountain. 

The driving of the bottom heading began on the 14th of 
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November, 1910, on the Vallorbe side, at first with a cross-sec- 
tion of 7 sq. meters (75.35 sq. ft.), and later 9 sq. meters (96.88 
sq. ft.) ; excavation and top heading followed. As soon as the 
arch was excavated, the arch masonry lining was laid up on 
iron centers, then the sides stoped out and masonry lining of 
side walls laid up. On the Frasne side only a top heading was 
used; in other respects the work was carried on in the same 
manner as on the Vallorbe side. 

On the latter side 6 set-ups were made, in three daily shifts, 
of 12 to 20 drill holes each 1.50 meters (4.92 ft.) deep, each 
hole loaded with from 2 to 3 kg. (4.4 to 6.6 lbs.) of dynamite 
(blasting gelatine of 93% nitroglycerine). As an example, in 
September, 1912, the average daily headway was 8.20 meters 
(26.90 ft.). 

At first about 1 km. (0.62 mi.) of dry lime rock was tra- 
versed; then 3.2 km. (2.0 mi.) of blue, impervious lime, for 
about 800 m. (2625 ft.), interspersed with marl, which swelled 
up and dissolved in water. After the marl, fissured limestone 
was encountered. In this formation on the 23rd of December, 
1912, at Km. 4.273 (2.65 mi.) from the Vallorbe portal, 93 
meters (305 ft.) behind the face of the heading, large quantities 
of water were struck, amounting to 3000 liter-seconds (106 
sec-ft.). During the hasty flight from the tunnel, two work 
trains collided, but the whole affair fortunately came out with- 
out loss of life. The discharge of water sank to 700 liter-sec- 
onds (24.7 sec-ft.) on the 25th of December, but increased again 
to 5000 liter-seconds (175.5 sec-ft.) on December 28th and 29th 
en account of rain and melted snow, and after about 14 days 
remained steady at from 350 to 400 liter-seconds (12.3 to 14.1 
sec-ft.). The water pouring out of the tunnel caused consid- 
erable damage on its way to the Orbe. Owing to this, the 
springs of the streamlet ‘‘Bief Rouge’’, 5 km. (3.1 mi.) distant 
and lying 84 m. (275 ft.) above the tunnel, dried up. This 
entailed serious hardship on the part of those having water 
rights further down the stream. 

The heading was closed by means of a wall 7 meters (22.9 
ft.) thick; two pipes with manometers and valves were in- 
stalled to regulate and shut the flow of water off completely. 
On Jan. 17, 1913, the valves were closed and on the 19th to the 
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23rd of the same month the springs of the ‘‘Bief Rouge’’ began 
to flow again. Under the protection of the dam the tunnel 
canal was built for carrying off 1000 liter-seconds (35.3 sec-ft.) 
of water and a conduit was installed outside the tunnel with 
a capacity of 7000 liter-seconds (247 sec-ft.). The water 
dammed up behind the wall was released from the 21st to the 
24th of February, 1913, the barricade itself was then removed 
and the driving of the heading resumed. But the ‘“Bief Rouge”’ 
disappeared again. On the 17th of April, 1913, at Km. 4.407 
(2.74 mi.), another spring was run into, which flowed into the 
heading with great violence and made it necessary to evacuate. 
Continuous rains and copious melting snow caused the water 
to increase during the following night to nearly 10,000 lter- 
seconds (353 sec-ft.), which, nevertheless, was carried away 
without any serious damage. Simultaneously the water veins 
which had been encountered earlier dried up, which was an 
indication that the different pockets were connected with each 
other and with the entire spring region of ‘“‘Bief Rouge’’. By 
means of a parallel heading the locations where water appeared 
were passed around; the holing through of the heading was 
accomplished on October 2, 1913, at Km. 5.044 (3.13 mi.) from 
the Vallorbe portal. The work had consumed in all 1054 days 
and showed an average daily progress of 5.79 meters (18.99 ft.). 
The maximum daily progress on one side was 11.00 meters (36.1 
ft.) in the Oxford strata. 

The tunnel had to be lined with masonry for its whole 
length, provided with an invert, and in stretches made water- 
tight with cement grout. Owing to the outbreak of the war the 
work suffered a serious set-back. In the spring of 1915, they 
first succeeded by means of an ingenious system of drains to 
make the masonry water-tight where the springs had been 
found and to place the veins and pockets under a pressure of 
84 meters (275.6 ft.) of water, so that the flow again started 
in ‘‘Bief Rouge’’. 

There were eleven fatalities during the construction of the 
tunnel. 

The cost of construction, although the completed figures - 
have not yet been given out, has been stated at about 21,000,000 
Fr. ($4,053,000) or 3444 Fr. per meter ($202.65 per ft.). 
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The opening of the Frasne-Vallorbe line occurred on the 
16th of May, 1915. No artificial ventilation has been provided 
for. It is hoped that the natural draft of the tunnel, with its 
unilateral ascent of about 78 m. (256 ft.), will always be suffi- 
cient to remove the smoke and to renew the air. 

9. The Hauenstein Base Tunnel. (No. 2 of Table C.) 

In order to improve the northern approach to the Gotthard 
on the Basel-Olten route, the Confederation in 1910 granted 
a credit of 24,000,000 Fr. ($4,632,000) for the construction of a 
cut-off line with base tunnel through the Hauenstein. At the 
present time, the Jura range is pierced by the oldest of the great 
Swiss tunnels built during the last 60 years, namely, the Hauen- 
stein Tunnel, 2495 m. (8186 ft.) long. The construction of this 
tunnel lasted from 1854 to 1857 and was accompanied by a bad 
fire and cave-in, in which 63 men lost their lives. The summit 
of the existing line is at Laufelfingen station, 561.80 m. (1843 
ft.) elevation. The north approach has a maximum grade of 
213%; the southern, in the tunnel, a maximum grade of 
2.626%. The new line branches from the old line at Sissach 
station, reaches the north portal of the Base tunnel, 8134 m. 
(26,686 ft.) long, immediately behind Tecknau station, with a 
maximum grade of 1.05%. After leaving the tunnel it crosses 
the Aare, in order to reach the station of Olten, one of the prin- 
cipal junction points of the Swiss Railway System. The north- 
ern leg of the tunnel is 1807 m. (5928 ft.) long and has a 0.15% 
up-grade; the southern leg is 6327 meters (20,758 ft.) long and 
has a down-grade of 0.5% and 0.75%, approaching Olten. The 
summit lies at an elevation of 451.73 meters (1482.1 ft.), that 
is 110 meters (360.8 ft.) below the highest point of the exist- 
ing line. The new line is to be 111 meters (364.1 ft.) effectively, 
but 30 km. (18.6 mi.) virtually shorter than the old. The run- 
ning time for passenger trains will be shortened from 15 to 20 
minutes, for freight trains 25 minutes. 

In January, 1912, the work was let, after twice submitting 
to bids, and at an increase of price of about 13%. The total 
cost of the new line will amount to about 26,000,000 Fr. ($5,018,- 
000) on this basis. According to the figures of the Federal 
Railways, the reduction in annual expense through a saving 
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in personnel and material should represent a capital of 27,500,- 
000 Fr. ($5,307,500). 

The determination of the direction and elevation of the 
two-track straight-line tunnel was made by means of a triangu- 
lation and set of levels tied in with the Swiss general 
survey. For control, a direct survey of the axis was made 
over the mountain. On the 20th of February, 1912, the driving 
of the heading was begun with hand drills, on the south side 
at Olten. 

In the course of the year, the construction of the plants on 
both sides was completed. The work tracks had a gage of 0.75 
m. (2.46 ft.). In the reinforced-conerete power house on the 
south side, which on account of the longitudinal profile had to 
undertake the larger part of the work, two Sulzer Diesel motors, 
connected on the same shaft, delivered 500 hp.; also three low- 
pressure compressors, each requiring 225 hp., furnished each 
about 30 cubic meters of air per minute at a pressure of 8 at- 
mospheres. A conduit system of patent welded pipes of 200 
mm. diameter (7.9 in.), carried the air to the various workings, 
where, in heading 2 to 3, in the widening, 30 to 35 percussion 
drills were in operation. Outside, the transportation was done 
by means of steam locomotives. Inside the tunnel, compressed- 
air locomotives of 9.5 to 24 tons service weight were used. Two 
high-pressure compressors, of 250 hp. each, furnished 13 cubic 
meters of air (459.1 cu. ft.) per minute each at 150 atmospheres 
for the operation of the tunnel locomotives, which had a work- 
ing pressure of 135 atmospheres. Three Sulzer No. 9 high- 
pressure ventilators arranged in series and requiring about 50 
hp. each, furnished 5 cubie meters of air per second each, with 
a pressure of 500 to 600 mm. of water. These were put in suc- 
cessively, following the driving of the heading, so that at the 
end of the conduit they always had at their disposal 5 eubie 
meters (176.6 cu. ft.) of air per second. The air ducts were 
made of sheet metal, 3 mm. thick and 1000, 800 and 500 mm. 
diameter (0.1181. iny thick and) 39:87,/931.50" and: 19. 68m: 
diameter). 

There were in addition installed on the south side a steam- 
driven saw mill; an electric lighting plant of 110 hp.; an elec- 
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trieally-operated pump for furnishing 80 liter-seconds (2.8 sec- 
ft.) of clear water for the Diesel motors and compressors; black- 
smith shops and repair shops, with all the necessary machines 
and tools; a magazine for the storage of 10,000 kg. (22,000 lbs.) 
of dynamite; baths; medical and sanitary quarters; quarters 
for the officials and men; the necessary buildings for the ad- 
ministration and inspection departments; and a telephone plant 
and installation furnishing connection between all these build- 
ings and the tunnel. Because there was less work on the north 
side, the plant was correspondingly smaller, although similar. 
After the plant was finally set up, the work went on at a rapid 
and smooth pace. The headings traversed the different marl, 
gypsum, anhydrite, dolomite, muschelkalk, oolite and Bajocian 
strata of the Jura range. The rock was for almost the entire 
length stable and for the most part dry. The greatest amount 
of water encountered was 119 liter-seconds (4.2 sec-ft.) on the 
south side and 11 liter-seconds (0.39 sec-ft.) on the north 
side. The temperature reached a maximum of 25° C. at a 
point of maximum overlay 482 meters (1581 ft.) below the 
surface. | 

From the bottom heading, excavation was carried on by 
means of a top heading, later, by means of a top cut enlarge- 
ment to full arch-section and the removal of side stopes. 
The masonry of the side walls and arch followed at a short 
distance. 

The holing through occurred on the 10th of July, 1914, 18 
months before the stipulated time, at 5.865 km. (3.64 mi.) from 
the south portal. This showed a daily average progress of 9.35 
meters (30.68 ft.) since the beginning of the tunneling. The 
greatest daily headway yet made was 16.3 meters (53.47 ft.) 
in March, 1913, on the north side. 

The control of the axis showed a lateral deviation of 4.5 
mm. (0.17 in.), a deviation of 12 mm. (0.47 in.) in the elevation, 
and a difference from the computed length of —1.20 m. 
(3.94 ft.). : 

The masonry lining, for the most part a thin facing, was 
laid in cement mortar throughout. In the stretches that were 
dry and not subject to pressure, an artificial stone was used 
for the arch with a specified minimum crushing strength of 180 
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ke. per sq. om. (2560 Ibs. per sq. in.) but having in fact an 
average crushing strength approaching 300 kg. per sq. cm. 
(4267 lbs. per sq. in.). 

At the beginning of August, 1914, owing to the war, the 
work had to be considerably reduced. In spite of everything, 
the arch was completed on the 9th of April, 1915. An aver- 
age daily progress of 7.12 m. (23.36 ft.) finished tunnel was 
made. 

To the 31st of March, 1915, 1,236,959 days’ work were re- 
quired in the tunnel and for the plant installed outside and 
connected with it. Work was interrupted on account of a 
strike from the 8th to the 18th of July, 1912. There were 9 
fatalities. 

The cost of the tunnel to sub-grade, exclusive of the venti- 
lating system, was estimated on the basis of the contract at 
18,563,000 Fr. ($3,582,660) or 2282 Fr. per meter ($134.28 
per ft.). 

The stretch between Tecknau and Olten, 11 km. (6.83 mi.) 
long, is divided into two blocks by a block station in the tunnel, 
4434 m. (14,548 ft.) from the north portal. The greatest pos- 
sible safety is secured for a following train by means of double 
forward signals of three lights each, electric back signals, warn- 
ings released by rail contact and axle counters electrically con- 
nected with the contact fingers of the block signal. In order 
to facilitate the re-starting of trains which have been stopped 
by the block signals, the grade was reduced for a stretch of 500 
m. (1640 ft.) from 0.75% to 0.5%. For ventilation during opera- 
tion a circular shaft 5.6 m. (18.4 ft.) diameter and 133 m. (436.3 
ft.) deep was sunk in the valley of Zeglingen, 3593 m. (11,787 
ft.) from the north portal, just beside the tunnel, and connected 
with this station. The natural draught of the shaft has to be 
increased when necessary by two centrifugal exhaust ventila- 
tors, electrically operated, placed at the upper mouth. The 
cost of the shaft alone is estimated at 170,000 Fr. ($32,810) ; 
that of the total ventilating system at 265,000 Fr. ($51,145). 
It is estimated that the necessary power for operation will not 
exceed 180 hp. 

The cut-off line is to be opened on the Ist of January, 
1916. 
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10. The Grenchenberg Tunnel. (No. 3 of Table C.) 

In order to improve the northern approach to the Bern- 
Loétschberg-Simplon Line the Bern-Alpine Railway Company 
built a connecting road about 13 km. (8.07 mi.) long, between 
the Federal Railway stations Moutier and Lengnau. By this 
means the distance of 40 km. (24.85 mi.) between the important 
junction points of Moutier and Biel was to be shortened 16 km. 
(9.94 mi.) and the summit of the line crossing the Jura made 
227 m. (744.7 ft.) lower. 

The most difficult construction connected with the new line 
was the Grenchenberg Tunnel, which traverses between the 
stations of Moutier and Grenchen, the limestone formation of 
the Graitery and Grenchenberg mountain chains of the Jura 
and the Tertiary valley Chaluet lying between them. The 
greatest overlay above the tunnel was 876 m. (2874 ft.). The 
tunnel is 8565 m. (28,100 ft.) long, single track, and on a tangent 
except for one curve 55 m. (180.4 ft.) long and 300 m. (984 ft.) 
radius on the north opening. With a maximum grade of 1.5% in 
the open line, the longitudinal profile of the tunnel shows from 
north to south for 3900 m. (12,795 ft.) a grade of 0.25% up to the 
summit, which is at an elevation of 545 m. (1788 ft.), and from 
that point a slope on a 1.3% grade for 4665 m. (15,305 ft.). The 
net cross-section was 25.5 sq. meters (274.4 sq. ft.). 

The location of the axis was determined by means of a tying 
in to a government triangulation, elevation was obtained by 
means of connection with the government precision levels and 
controlled by a survey over both the mountain chains. 

Excavation was carried on from the bottom heading by a 
top cut, in bad rock by a top heading, enlargement to full arch 
section and removal of side stopes. 

For drilling in the bottom heading, four Meyer air-pressure 
percussion drills were used on a drill carriage; for the com- 
plete excavation percussion drills, and in the soft molasse, spiral 
hand drills were used. In the tunnel, transportation was 
handled by means of air locomotives, and outside by steam loco- 
motives, both of 75 em. (29.5 in.) gage. The necessary com- 
pressors for the drills (Meyer, 10 atmospheres) and locomotives 
(Ingersoll, 100-120 atmospheres) were provided at the plants 
installed at either end of the tunnel. 
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The motive power, consisting of an alternating current of 
16,000 volts, was distributed to the work by suitable trans- 
formers. 

Meyer turbo-ventilators of a maximum capacity of about 
3 cubic meters (105.9 eu. ft.) per second served to ventilate the 
tunnel and carried fresh air by means of conduits 600 mm. 
(23.62 in.) in diameter. 

An aerial cableway for bringing stone from a quarry 2 km. 
(1.24 mi.) distant, work shops, magazines, office buildings, 
and different workingmen’s welfare institutions, such as bar- 
racks, baths, washrooms, hospitals and schools, completed the 
equipment. 

Work was started the beginning of November, 1911, and 
in October, 1913, on the north side, a daily average progress 
was reached of 9.74 m. (31.9 ft.), and a very nearly similar 
average on the south side. Two and seven-tenths kg. per cubic 
m. (4.55 lbs. per cu. yd.) of blasting powder (Telsit) were used 
on an average in the bottom heading, and for the total 
excavation, an average of 0.7 kg. per cubic m. (1.18 lb. per 
cu. yd.). 

The highest temperature reached was 20° C. The tunnel 
was masonry lined for its whole length; the least thickness was 
35 em. (13.78 in.) ; the thickness as a rule shown in the pressure 
profile was 2.00 m. (6.56 ft.) in the walls and 0.70 m. (2.3 ft.) 
of hewn stone in the invert. In the sound rock, economizing 
arches of 4.5 m. (14.8 ft.) span and 2.5 m. (8.2 ft.) width of 
pier were used. For the arch there was used as follows: in the 
sound rock, artificial stone blocks 25 by 12 by 6 em. (9.84 x 4.72 
x 2.36 in.), with a guaranteed minimum compressive strength 
of 230 kg. per sq. em. (3270 lbs. per sq. in.), laid in slag cement 
having a compressive strength of 210 kg. per sq. em. (2987 lbs. 
per sq. in.) in stretches where there was pressure, cut stone laid 
in Portland-cement mortar of 380 kg. per sq. em. (5405 Ibs. per 
sq. in.) compressive strength was used—these compressive 
strengths to be shown after 28 days. 

Throughout the marl stretches an invert 30 to 50 em. (11.8 
to 19.7 in.) thick of Portland cement with filling conerete of 
slag cement was laid. In the wet stretches the arch was covered 
with a layer of cement mortar 5 em. (1.97 in.) thick, a coat of 
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asphalt 5 to 7 mm. (0.2 to 0.275 in.) thick and a 6 em. (2.36 in.) 
protecting coat of lime sandstone set in mortar. 

Owing to strikes. earth pressure, inflow of water and mili- 
tary mobilization, the work exceeded the stipulated time about 
four months. Notwithstanding, the bottom heading was holed 
through October 27th, 1914, showing a daily progress of 7.9 m. 
(25. 9 ft.) on the average. Alignment and elevation were good. 
A check survey has not yet been made. 

At the end of March, 1915, the total excavation amounted 
to 338,436 cubic m. (442,674 cu. yds.), the masonry to 93,204 
eubie m. (121,910 cu. yds.), and 1,261,731 days’ work had been 
required. There were six fatalities. 

The completion of the tunnel took place on July 24, 1915, 
and the opening of the line on October 1, 1915. 

Among the difficulties encountered, the inbreaks of water 
are particularly notable. These occurred from February to 
May, 1913, between Km. 1.300 (0.81 mi.) and 1.700 (1.05 mi.) 
from the south portal, after the heading passed through the 
Tertiary molasse into the Jura chalk. There was also en- 
countered on the 7th of February, at Km. 1.488 (0.92 mi.) a 
water vein discharging about 50 liter-seconds (1.75 sec-ft.) ; at 
the same time the spring which supplied water for 18 water- 
power plants and furnished drinking water for the community 
began to fail and on the 4th of March it stopped flowing 
entirely. 

Next in Sequan formation a pocket was encountered at 
Km. 1.615 (1.0 mi.), which reached with many ramifications 
about 20 m. (65.6 ft.) to the right and 70 m. (229.6 ft.) to the 
left of the railway axis and about 40 m. (131.2 ft.) above the 
invert. The water flowing from the tunnel reached 830 liter- 
seconds (29.3 sec-ft.) and slowly decreased to 500 (17.7 sec-ft.). 
On the north side there appeared springs of 30 to 300 liter- 
seconds (1 to 10 sec-ft.) in the Varian and principal oolite strata 
and the total water decreased here in June, 1913, to 215 liter- 
seconds (7.6 sec-ft.). A pumping plant had to be installed to 
supply the drinking water, by which means the practically pure 
water from the tunnel was conducted to the existing distribut- 
ing system. The water power works had to be operated by 
electricity and the owners indemnified. 
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The cost of the tunnel complete, without the ventilating 
system will probably be 17,500,000 Fr. ($3,377,300), or 2043 
Fr. per meter ($120.20 per ft.). 

Ventilation during operation is to be carried out by the 
same system employed in the Simplon and Létschberg tunnels 
with a shield. 

A twin ventilator operated by an electric motor of 70 hp. 
will force 75 cubic meters per second of air with a pressure of 
30 mm. (1.18 in.) of water into the tunnel, so that a wind 
velocity of 3 meters (9.8 ft.) per second will be reached. The 
shield will be connected with the signals and will be moved by 
an electric motor of 15 hp. 


MISCELLANY. 


A. Legal Enactments. 

According to Article 26 of the Statutes of the Swiss Con- 
federation, legislation regarding the building and operation of 
railways lies in the power of the Federal authorities. 

Accordingly, Article 14 of the Statutes concerning the 
building and operation of railways, of December 25, 1872, 
provides that the general and detailed plans of a proposed rail- 
way shall be submitted to the Federal Council for ratification. 
The power of ratification of the Federal Council is vested in the 
Railway Department. 

Article 9 of the Statutes concerning the Building and Opera- 
tion of Swiss Secondary Railways, of March 10, 1906, provides 
concerning tunnels of Secondary Railways as follows: 

(1) Tunnels according to Art. 4 must have a clear profile 
on curves with a least clearance of 0.20 meter (0.66 ft.) ; that 
is, considering the elevation of the outer rail, the width of the 
gage and the extreme projections on the middle and outer side 
of the ears. 

(2) Niches must be provided on both sides at uniform 
intervals on each side of not more than 50 meters (164 ft.). 

The dimensions of the cross-section in the plans submitted 
for ratification for Principal Railway tunnels are established by 
act of the Government. Hence, provisions are made for each 
case as it comes up with regard to the style and manner of con- 
struction of the masonry, the quality of the mortar, the thick- 
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ness of the arch, etc. In the same manner, the type of masonry 
to be chosen for any particular locality is subject to the ap- 
proval of the Board of Supervision. 

The Federal Railways are compelled by law, the Private 
Railways by the decree of Concession, to provide for the shutting 
down of the work on Sunday, except in the face of the headings 
and where work is urgent. 

In special cases, for the defense of the country, the installa- 
tion of mine chambers is required by the Federal Council. In 
new concessions for railways these mine chambers are to be in- 
stalled at the expense of the railway company. For the rest, 
the management is given a free hand in the choice of the type 
of construction. In the construction of the larger tunnels, a 
report as to the progress of the work is demanded at stated 
intervals. An engineer from the Railway Department is 
charged with the control of the construction according to the 
plans. 

B. Conclusions of the International Railway Congress at Bern, 

1910. 

Apropos of Question 4, of the International Railway Con- 
gress held at Bern, in July, 1910, concerning the construction, 
ventilation, and the operation of long railway tunnels, notable 
reports regarding mountain and Alpine tunnels were presented 
by Mr. Canat, Chief Engineer of the P. L. M., Paris, Dr. Henn- 
ings, Professor in the Polytechnic School at Ziirich and Ru- 
dulf Heine, Chief Engineer in the Royal and Imperial Railway 
Bureau at Wien. The various questions are there dealt with 
in a distinguished and exhaustive manner and we take the lib- 
erty of referring to this work. They are discussed in detail in 
Section I and by vote of the meeting the following conclusions 
were adopted: 

1. For long mountain tunnels, particularly those of 5 
km. (3.1 mi.) upwards, double-track construction was recom- 
mended. 

The locating heading should be driven as a bottom heading. 

The use of a top cut instead of a separate top heading 
appears worthy of commendation, but. it requires further in- 
vestigation. 
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In rock subject to pressure the cross-section of the tunnel 
should approach as nearly as possible a circular form. For 
making the tunnel water-tight, spraying with cement grout 
could be used with great success; but it was recommended that 
a more economical way be found. 

2. Machine drilling should be extended to all parts of tun- 
nel construction as far as conditions permit. 

3. In tunnel construction mechanical traction is to be gen- 
erally introduced; nevertheless, steam engines must be uncon- 
ditionally excluded from the workings. 

4. Mechanical mucking in the locating heading has not 
led to a final decision and has to be studied further. 

5. Good ventilation in places where construction is going 
on is an indispensable requirement. For the longer tunnels an 
air supply of 3 to 6 cubic meters (106 to 212 eu. ft.) per second 
should be furnished. With regard to very long tunnels with a 
very high temperature, it would appear that a lower heading 
as a ventilating conduit would prove a beneficial method of 
construction. 

6. It is necessary to provide for good artificial ventilation 
in tunnels now in operation that have not sufficient natural ven- 
tilation. Artificial ventilation increases the safety of operation 
of the tunnel and in a great degree is an aid to better preser- 
vation of the superstructure. 

As the descriptions of the separate construction work have 
shown, the experience obtained in the long Swiss tunnels built 
since 1910 confirms these principles in general. We might, how- 
ever, supplement them by the following remarks: 

la. Distinguished experts have expressed themselves in 
favor of the double-tunnel method of construction instead of 
the two-track method, and, without a doubt, the fortunate com- 
pletion of the Simplon tunnels is due to this method of construc- 
tion. Notwithstanding this, the double-tunnel system has not 
been chosen for any of the tunnels undertaken during the last 
ten years. From an operative standpoint, the two-track tunnel 
is superior to the two single-track tunnels. 

The use of a top cut has shown itself advantageous in con- 
nection with the new system and is used wherever the nature of 
the rock permits. 


an nll 
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Double-track tunnels having a maximum width of 8 m. 
(26.24 ft.)—-such as the Gotthard and the Lotschberg—present, 
in the case of trains to be operated by electricity, difficulties for 
the practical installation of the conductors and contacts. The 
maximum width should be not less than 8.4 m. (27.5 ft.). 

In regard to the fashioning of the masonry section, it is 
necessary to take into consideration recent experience and ob- 
servations concerning rock pressure and stability. 

2a. In spite of its many undisputed good qualities, the 
Brandt hydraulic drill has not been used since the construction 
of the Simplon tunnels. The remarkable progress in the driv- 
ing of the headings in the Lotschberg and Hauenstein tunnels 
was achieved with compressed-air drills (rotary and percussion) 
irrespective of their use in granite, gneiss, or limestone of vary- 
ing hardness. The percussion drills were also adaptable for 
drilling operations at all places where construction was in prog- 
ress outside the headings. Electric drilling on the Jungfrau 
Railway was also displaced by air drills, because the compressed 
air assisted in the ventilation and the air drills needed less 
repair than those electrically driven. 

3a. For transportation inside of the tunnel, compressed-air 
locomotives were used exclusively for new construction. . 

4a. The important question of shortening the time consumed 
in mucking, has lost its significance in those instances where the 
use of percussion drills is possible in driving the headings, since 
the set-up of the drills, carried by hand, does not depend on 
the removal of all the loosened rock. 

5a. Neither the side heading proposed by Engineer Chia- 
puzzi nor the under heading recommended by the Railway Con- 
gress has been effectively employed in the prosecution of a 
Swiss tunnel. The practicability of this method is seriously con- 
tested. The temporary dividing off of a portion of the finished 
tunnel measuring about 6 sq. meters (64.58 sq. ft.) by means 
of a light, tight wall and the use of the resulting conduit for 
the flow of fresh air, presents an easy and practical means for 
ventilation during construction. That this system did not afford 
entirely satisfactory ventilation in the various localities of the 
Létschberg tunnel was due, not to any fault in the system, but 
to the circumstance that in this tunnel the masonry lining was 
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far behind the driving of the heading and the principal and sec- 
ondary ventilators provided insufficient service during consid- 
erable periods of time. 

6a. The ventilating system known as ‘‘Saceardo’’, used 
many times in Italy and Austria, and for example in the United 
States in the Alleghany Tunnel of the Virginia Railroad, has an 
advantage in that it leaves the tunnel free from any permanent 
fittings. It requires, however, a very great consumption of 
power and entails a corresponding high cost of operation. Since 
its installation in the Gotthard Tunnel it has not been in further 
use in Switzerland, but has been replaced in the Simplon, 
Lotschberg and Grenchenberg tunnels by the Sulzer-Locher 
system with the movable shield, which, if not simpler, is at least 
considerably cheaper to operate. Simple and cheap to operate 
is the ventilating shaft, with ventilators, installed in the Hauen- 
stein Base-Tunnel, and copied after the Severn Tunnels of the 
English Great Western Railway. Unfortunately, its use is 
limited to the especially favorable topographical conditions of 
the overlay. 

With reference to the deterioration of the rails, observations 
at the Simplon, Gotthard and old Hauenstein tunnels have shown 
that neither electric action nor any special chemical composition 
of the water, with special reference to its content of sulphates or 
chlorides, is responsible for the more or less serious deterioration 
of the superstructure. On the other hand, the rapidly progress- 
ing deterioration of the rails and fastenings, especially in the wet 
places, is increased in great degree by the warm air of the tunnel. 
In deep tunnels, careful drainage, water-tightness of the arch 
and copious ventilation are absolutely necessary for an econom- 
ical and safe maintenance of the tracks. 

C. Organization and Cost of Construction. 

The average daily progress in tunnels built during the last 
ten years shows a considerable advance in the driving of the 
headings as well as in the masonry lining. Besides the improve- 
ments in mechanical arrangements and the method of construc- 
tion, this is principally due to the perfection of the organiza- 
. tion of the entire construction work. One may well say that, 
in this connection, the regulations of the now deceased Col- 
onel Ed. Locher, at the time of the construction of the 
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Simplon tunnels, are typical. Not to underestimate possible 
difficulties and to leave nothing to chance that may be foreseen 
are the axioms of all good organization, and also guarantee suc- 
cess in tunnel construction. To accomplish this the following 
are principally necessary : 


(1) Careful preparation of all work, also in relation to 
geological and geodetic conditions. 

(2) Plentiful equipment of the outside plants, especially 
in arrangements for drilling, ventilation, and cooling when 
necessary. 

(3) Rigid discipline in the use of blasting powder. 

(4) The greatest order in carrying on the transportation in 
and outside of the tunnel. 

(5) Minute caution in carrying on the vou when encoun- 
tering pressure or water-carrying rock. 

(6) Greatest possible avoidance of lost time between the 
different kinds of work. 

(7) Thorough-going arrangements for the health and wel- 
fare of the workmen. 

(8) Sharp supervision of the work in detail and as a whole. 

(9) Choice of the best qualified people for the manage- 
ment of the various types of work and the pitiless removal of 
unfit persons. 

(10) Use of the latest advancements of science and tech- 
nique in every sphere of engineering construction. 


Some of these rules lie at the bottom of the epoch-making 
‘scientific management’’ of F. W. Taylor, now deceased, and 
there can be no doubt that the conscious and consistent use. 
of the Taylor System in the construction of tunnels will, in 
many cases, present great possibilities of improvement. 

Consideration of the above requirements results not only in 
shortening the time required for construction and in decreas- 
ing the cost, but also in lessening the sacrifice of human lives, 
which unfortunately cannot be entirely avoided even in the 
prosecution of works of peace. 

The following small tabulation gives comparative figures 
for some of the larger Swiss tunnels: 
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As regards the costs of construction they are found—aside 
from accidents such as inflow of water, pressure stretches, ete— 
to depend in large degree on the rate of wages paid. These 
have risen steadily in the last decade. For an eight-hour work- 
ing day, wages were paid as follows: 
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That the cost of the finished tunnel has not increased in a 
hke degree is due to the above mentioned improvements in the 
management of the construetion work by which the interest on 
the investment and the costs of general administration have 
been decreased. Finally, one should be very cautious in making 
a critical comparison of the cost of construction from figures in 
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different publications, as they often rest upon quite different 
‘bases. In the preceding, the cost is only for what is known as 
the actual cost of construction, and therefore without interest, 
general administration, ballast, super-structure, telegraph, sig- 
nals and all arrangements for the operation of the electric 
trains. 


CONCLUSION. 


The construction of a long tunnel is an undertaking which, 
more than any other, involves the entire field of engineering in 
its relations to the branches of modern science. Geology and 
geodosy, with all their sister sciences, physics, chemistry, statics 
and dynamics, hydraulics, electricity, political economy and 
law, government and hygiene, the proper care of sickness and 
accidents as well as the entire technology of the constructions of 
machinery and of building materials must be drawn upon in 
order to prepare and carry out such an undertaking. 

Fire and water, gases and rock pressure have opposed engi- 
neers in their struggle to break through the mountains new 
paths that should unite nations. But the spirit and strength 
of the men grew with the magnitude of the obstacles; and thanks 
to the tools which science and experience have placed at their 
disposal, they have finally come out of the battle victorious. 

Although the tasks of the engineers undertaken and 
brought to a successful termination in Switzerland cannot com- 
pare with the gigantic proportions of the piercing of the Isth- 
mus of Panama, still they have this in common with the bril- 
liantly conducted work of Col. Goethals and his staff, that they 
constitute a triumph of the human spirit and of the organizing 
genius of their leaders. 

And even if the harvest of these mighty creations on both 
sides of the Atlantic Ocean is delayed on account of the most 
horrible war that history has ever known, we will not relinquish 
the hope that a day will yet dawn when the frightful wounds 
inflicted by this bloody struggle on body and property will heal, 
and the nations of the earth again pass in friendly competition 
over the paths which have been prepared for them from land to 
land and from ocean to ocean. 

In concluding I must not neglect to thank those gentlemen 
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who have assisted me with needed information, and in the most 
courteous manner, in the preparation of this report. They are 
Messrs. Vogt, Chief Engineer of the General Management and 
Griinhut, Chief Engineer of the Third District of the Swiss 
Federal Railways; Custer, Chief Engineer of the Bern-Alpine 
Railway ; Liechty, Director of Operations of the Jungfrau Rail- 
way ; Luder, Chief Engineer of the Solothurn-Miinster Railway ; 
Nivert, Chief Engineer of the P. L. M. Co.; Schucan, Chairman 
of the Board of Directors, and G. Zollinger, Section Engineer of 
the Rhaetian Railway, and my co-workers in the Swiss Railway 
Department. 
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INTRODUCTORY. 


American railroad bridges as now constructed are the re- 
sults of an evolution, during the course of which many types 
found to be undesirable were abandoned; some types found to be 
good were maintained and new features and types were intro- 
duced, until, finally, the 1915 standards represent the culmina- 
tion, at the end of more than three-quarters of a century of rail- 
road bridge history. During the first period, extending to 1865, 
there was no real science of proportioning members and the best 
that builders could do was to be guided by judgment based on 
experiment or precedent, and to make all new bridges stronger 
than before. During the second period, 1865 to 1890, scientific 
designing became general and the typical American railroad 
bridge, ‘‘a skeleton structure pin-connected at all the principal 
articulations,’’ was brought to a fair state of development. The 
present standards were essentially developed during the third 
period, 1890 to 1915. As the past history and the status at the 
end of the second period (1890) has been recorded!, the scope 
of the present sketch will be confined to the third period, end- 
ing in 1915, and will embrace an outline of the effects of some of 
the important influences on the development; a discussion of the 
characteristics of the present standards and tendencies; and an 
illustration of features which may be considered typical of the 
best American practice. 


*““American Railroad Bridges’’, by Theodore Cooper, Transactions 
American Society of Civil Engineers, Vol. XXI, 1889. 
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INFLUENCES ON THE DEVELOPMENT. 


Naturally, the trend of improvements in bridge construction 
has been controlled by a number of definite influences, some of 
which are still in operation, and will undoubtedly continue long 
into the future. American railroad bridges, therefore, although 
substantial, economical and durable, are still in a state of de- 
velopment, the final culmination of which cannot as yet be fore- 
told. The most persistent of these influences has been the con- 
stantly increasing weight of rolling loads. For instance, the 
heaviest engine in operation on the Baltimore & Ohio Railroad in 
1865 weighed 91,000 Ibs. (41,314 kg.) ; in 1890, the heaviest en- 
gine weighed 133,000 lbs. (50,382 ke.), an increase of 46% in the 
twenty-five years; at the present time, 1915, the heaviest engine 
on this road weighs 463,000 lbs. (210,203 kg.), an increase of 
247% during the past twenty-five years. Most of the other rail- 
roads have had similar experience, and in some instances the 
inerease has been even greater. It has far exceeded anything 
which was anticipated in the past, and has been the direct cause 
of the renewal of many bridges which would have been still 
serviceable under the loads for which they were designed. Per- 
haps it would have been better engineering if the builders of these 
bridges had possessed the foresight necessary to anticipate the 
extent and the effects of these increases, but, unfortunately, engi- 
neers are not endowed with occult powers; and the fact remains, 
that while they always built their structures strong enough to 
carry some increase in loading, the rapidity and extent of this 
inerease, heretofore, were neither fully appreciated nor antici- 
pated. Locomotives are now so heavy, and take up so much 
space in length, width and height, that it is no longer impossible 
to anticipate the limit and to make ample provision therefor. 

All of the earlier types of patented bridges were tested in 
service to the full extent of their capacity and endurance and 
it was observed that while they were good enough for the light 
loads and traffic of their day, their flimsiness, due to the inherent 
defects of their designs, and their action under traffic made 
them very unsatisfactory structures for heavier loads. They, 
therefore, became obsolete and were replaced by the improved 
types of single-intersection, pin-connected trusses, and by riveted, 
lattice and plate girders, which were evidently much superior 
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and which had been developed to such a state of perfection by 
the year 1890 that engineers believed they had established stan- 
dards of design which would endure. These more modern bridges 
have also been tested in service under increasing loads to the 
full extent of their capacity, as was the case with the earlier 
bridges, and it has been learned that, while these later bridges 
were also well adapted to the traffic of their day, their designs 
embodied features and details which prevented them giving long 
and satisfactory service under the heavier loads which were con- 
stantly being placed upon them. The trusses had too many ad- 
justable members and light bars to shake loose, too many hinged 
joints to wear away, and too much motion of parts to inspire 
confidence under the fast speed of heavy engines and trains. 
The necessity for less looseness and greater stiffness became ap- 
parent, and it was found that when the flimsy, adjustable brac- 
ing was replaced with stiff bracing with riveted connections, and 
the shaky eye-bars were tied together so as to reduce motion, the 
stiffened structure gave much more satisfactory service. There- 
fore, the effects of the influence of the constantly increasing loads 
on railroad bridge development is evidenced by the elimination 
of adjustable members and short span trusses, and by the gen- 
eral stability and solidity of construction which are the essential 
characteristics of present standards. 

Another influence in American bridge development has been 
the introduction of new materials of construction. In the old 
abandoned types, wrought iron rods or links were used generally 
for tension, and wood or east iron for compression members. The 
substitution of wrought iron for the cast iron and wood enabled 
the construction of the improved types which were standard in 
1890, and which had details and connections far superior to any- 
thing which could be obtained by the use of cast iron or wood. 
Since 1890, rolled structural steel has entirely supplanted 
wrought iron in metal bridge work, and on account of its greater 
strength and economy it has had an influence on the construction 
of longer lengths of spans, both in girders and in trusses, than 
were attempted with wrought iron. The standard structural 
steel, at the present time, has an ultimate strength averaging 
about 60,000 Ibs. (27,240 kg.) ; and the longest simple span so 
far constructed of it is 620 ft. (189.1 m.). This span is in the 
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Kentucky and Indiana Terminal Railroad Company’s bridge 
across the Ohio River at Louisville, built in 1912. 

Alloys and special steels, with much greater strength than 
standard structural steel, are now used in long span trusses for 
the purpose of keeping the dimensions and weights of members 
within the limits of commercial and economical production. For 
instance, nickel steel was used in the construction of 668-ft. 
(203.7 m.) spans of the Municipal Bridge at St. Louis, built in 
1912. Nickel steel eye-bars and so-called silicon steel compression 
members will be used in the Ohio River Bridge at Metropolis, 
the longest span being 725 ft. (221.1 m.); high carbon steel is 
being used in the 977.5-ft. (298.1 m.) span of the Hell Gate 
Bridge; and Mayari steel, which contains nickel, and is made 
from the Mayari ore from the north coast of Cuba, is being used 
in the construction of a large bridge which is to span the Missis- 
sippi River at Memphis. These alloys and special steels have 
not, as yet, exerted any material influence on the development 
of railroad bridges, except, perhaps, in the direction of greater 
span lengths than can be economically, or even practically, con- 
structed of the standard structural steel. 

A material which has come into general use during the past 
few years is reinforced concrete. It has had a very decided 
effect on bridge development, since it has influenced the adoption 
of a new type of short-span bridge having a ballasted deck and 
a solidity of construction with an economy impossible to be ob- 
tained by the use of any other available material. 

Another influence on bridge development is the improve- 
ment in tools and machinery, especially in pneumatic tools and 
self-propelling erection derricks. Pneumatic drills, reamers and 
riveters are now generally used in erection work in place of the 
old-time hand tools, and as a consequence, field-riveted connec- 
tions are no longer avoided, as was the case in 1890, since they 
can now be easily and quickly made. By the use of self-pro- 
pelling erecting derricks, plate girders and bridge members of 
a weight far beyond what was formerly practicable can now be 
handled and erected with safety, facility and economy. 

While there are some other influences which have had an 
effect on American railroad bridge development, it will be seen 
that those mentioned, viz., increasing rolling loads, introduction 
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of new materials, and improvements in tools and machinery, 
encouraged development always in the direction of greater 
stability and solidity of construction. They indicated the essen- 
tial requirements and the means for accomplishment. And, 
while engineers have now established generally recognized stan- 
dards of good practice and have developed what are considered 
permanent structures, admirably adapted to existing conditions, 
it remains for the future to determine whether or not these stan- 
dards will endure. 


PRESENT STANDARDS AND TENDENCIES. 


The development of American railroad bridges did not take 
place spasmodically, with long intermissions of inactivity, but 
was a gradual process, requiring rather a long time to establish 
characteristics which could be considered decided improvements 
on what had preceded. These distinctive features have, hereto- 
fore, become clearly defined at the ends of twenty-five-year 
periods. Therefore, in order to accentuate the effects of the 
various influences which have been working and to define the 
present status of bridge development in a comprehensible man- 
ner, the main characteristics which were prominent at the be- 
ginning of the third period will be described, for the purpose of 
comparison with the dominating characteristics of the standards 
at the end of this period. 

At the beginning of the period (1890), pile and framed 
timber trestles were being constructed on main lines. Plate I. 
The design differed in no material respect from the earliest types, 
except as to number and dimensions of timbers, the floor deck 
being composed of cross-ties resting on groups of timber joists. 
In suitable locations, they were economical, easy to maintain 
under their light traffic and regarded as all-sufficient for the 
purpose. Howe truss bridges were also being built on main lines 
of some roads. They gave good service and were amply strong 
for the traffic of their day, could be constructed expeditiously by 
the railroad company’s forces, and be maintained in good con- 
dition on about the interest of the cost of an iron bridge. On 
other roads, combination bridges, with all the tension members 
of wrought iron, and all, or most, of the compression members 
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of wood, were used. They were cheaper than all-iron bridges, 
and more durable than Howe trusses. 

I-beam bridges composed of groups of from two to four 
beams under each rail, the beams being held together by means 
of cast iron separators bolted between the webs, and with cross- 
ties resting directly on the upper flanges of the beams, were com- 
monly used for spans having a length of from 10 to 20 ft. (3.05 
to6.1m.). Plate I. Plate girders were acceptable for spans up 
to 65 ft. (19.8 m.), which was about the limit for economical con- 
struction and handling, although some few roads constructed 
girders of a greater length. Single or double intersection riveted 
low truss bridges, or latticed girders, as they were called, were 
used for spans between 65 ft. (19.8 m.) and 100 ft. (30.5 m.), 
and in some cases up to 120 ft. (36.6 m.) ; but the longer spans 
were not acceptable to many engineers on account of the inability 
to ship the trusses in one piece and the necessity of so much field 
riveting of important connections, and the increased risks and 
cost of erection. For spans over 100 ft. (30.5 m.) the practice, 
with very few exceptions, was to construct trusses of the pin- 
connected type. Plates IJ and IV. This typical American rail- 
road bridge, as defined by Mr. Theodore Cooper’, was a skeleton 
structure, pin-connected at all the principal articulations; its 
principal characteristics, in addition to the pin-connections, being 
the minimum ambiguity of strains, the concentration of parts, 
facility of manufacture, perfection of length and fitting of all 
the members, a minimum of riveting and mechanical work in the 
field, and the readiness with which the individual members can 
be assembled during erection. Typical American railway 
viaducts’, with 30 ft. (9.15 m.) towers and 30 ft. (9.15 m.) or 60 
ft. (18.3 m.) free spans were regarded favorably. Movable 
bridges were of the swing type, revolving in a horizontal plane 
on a center pier. Plate VII. Lateral bracing for truss bridges, 
viaducts and in many through plate girders had adjustable rods 
for the tension members and the counters in truss bridges were 
also made adjustable. Wrought iron was still used for built-up 

2“ American Railroad Bridges’’, by Theodore Cooper, Transactions 
American Society of Civil Engineers, Vol. XXI, 1889. 

$¢¢The American Railroad Viaduct’’, by J. HE. Greiner, Transactions 
American Society of Civil Engineers, Vol. XXV. 
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members, but eye-bars and wide web-plates of girders were gen- 
erally made of soft steel. : 

Bridge piers and abutments were generally of cut stone 
masonry construction, and arches were of cut stone work through- 
out or had their rings made of brickwork. The arch was then 
recognized (as it is now) as the very best type of railroad bridge, 
but cut stone work was very expensive in first cost as compared 
with steel, and as a consequence relatively few arch bridges were 
being built. Plates II and XII. 

Nearly every railroad in America constructed its bridges in 
accordance with specifications peculiar to the individual road; 
consequently, there were practically as many kinds of bridge 
specifications as there were important railroads. The makers 
desired to be thought original, and therefore displayed their 
ingenuity in those parts of bridge specifications that gave them 
the most leeway, viz., in the permissible working stresses, column 
formulas, grades of steel, impacts and in the typical engines used 
as a basis for proportioning. In these numerous specifications 
every conceivable kind of typical locomotives was specified, some 
with practically the same total weight, but with a different dis- 
tribution of loads on the wheels and a different wheel spacing. 
There were no generally recognized standards for loading, impact 
allowances, permissible working stresses, or for the quality of 
material used and methods of testing same. Contracts were based 
on a total price for the completed work, and as the total price 
depended largely on the amount of material which entered into 
the construction, successful competition frequently depended 
upon a design which gave the hghtest possible structure. 

At the close of this period (1915) open deck framed timber 
trestles are seldom built except on light traffic or branch lines or 
as temporary expedients, with the expectation of replacing them 
with permanent structures in a short time. In many sections 
good timbers can no longer be obtained except at excessive cost; 
the general upkeep is expensive and they are an undesirable type 
for heavy loading. Some roads now build wooden trestles of a 
different type, inasmuch as they have ballasted decks on solid 
timber flooring and are constructed of creosoted timbers. Plate 
I. These modern types are more durable and easier to maintain 
than the old open-deck structures and represent the best practice 
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for timber trestle construction, but they cannot as yet be con- 
sidered as general standards. Some western railroads are re- 
placing timber trestles with a type made of reinforced concrete 
with ballasted decks. Plates I and XIV. This is a distinctive 
type as compared with the trestles of 1890. Howe truss bridges 
and combination bridges are no longer constructed, except in 
very isolated cases or on unimportant branches. They are ill- 
suited for heavy loading and good timbers are difficult to obtain. 

I-beam bridges as now constructed are generally encased in 
concrete. Plate I. Open decks with wooden ecross-ties are 
avoided, stone ballast on concrete being used as a substitute; 
and on some roads short spans are reinforced concrete gir- 
ders or slabs. Plate girders are being built and shipped 
in one piece in spans up to 120 ft. (36.6 m.), and, in some 
cases, of even longer length; the ability of the railroad com- 
panies which handle them being still the governing condition. 
Shipping conditions require a limit in the depth of these girders 
to about 10 ft. (3.05 m.), and for this depth they are now more 
economical than riveted trusses of the same depth for spans 
between 100 ft. (30.5 m.) and 120 ft. (36.6 m.). The standard 
practice in regard to riveted trusses is to use them for spans 
between 120 ft. (36.6 m.) and 200 ft. (61. m.), although much 
longer spans are built. Plate III. The pin-connected truss 
bridges may still be considered typical of American practice, 
but only for spans greater than 200 ft. (61.0 m.). Plate V. 
Many of the characteristics which were so favorable to the con- 
struction of this type in 1890 are no longer peculiar to it, sinee 
the improvements in tools and machinery and in methods of 
handling and doing the work now enable the construction of 
riveted bridges having practically all the good characteristics of 
pin-connected structures, with the exception of the number of 
rivets, and this is no longer an objectionable feature. Riveted 
trusses have the additional favorable characteristic in the har- 
monious working of the various sections and parts of members, 
a condition which is not always obtained in the pin-connected 
type. The superiority of the riveted truss, which for a long 
time has been recognized in Europe, is now quite generally con- 
ceded by American railway bridge engineers, except for spans of 
such lengths as to require riveted connections to be too cumber- 


398 AMERICAN RAILROAD BRIDGES 


some for practical and effective construction. The typical 
American railway viaduct, with its steel towers, is still considered 
a good type when all bracing is stiff (Plate VI); but concrete 
piers, in a number of cases, have been constructed in preference 
to the steel towers, since they are less expensive to maintain, and, 
in favorable locations, are not much more expensive in first 
eost. Plate XV. 

Swing bridges, revolving in a horizontal plane, are still 
being constructed (Plate VIII) ; but there are several patented 
types of bascule bridges, revolving in vertical planes, which in 
recent years have been exploited by commercial agents to such 
an extent that there are a number of them now being built in 
places where the swing bridge would have been just as adaptable 
and far more economical, and where there is no apparent reason 
for their construction, aside from their novelty and the impres- 
sions of the arguments which the patentee’s agents have had 
on the minds of the bridge engineers who recommend their use. 
There are, of course, locations where navigation interests prac- 
tically require the construction of this type of movable bridge, 
but as a general rule they are unsightly and uneconomical as 
compared with a properly constructed swing bridge. Another 
recent type of movable bridge is hauled up and down with wire 
ropes and counterbalanced by masses of concrete suspended over 
the tracks from steel cables. These are special types designed 
to compete with bascule bridges, and there are some locations and 
conditions which are particularly favorable to their construction. 
While a number of these types have been constructed, they are 
special types and are not in what can be ealled general use. 
Plates IX, X and XT. 

All lateral bracing is now made of stiff members with riveted 


connections. Adjustable members, even for counters, are pref- . 


erably avoided; and metal bridges are made entirely of steel, 
wrought iron having for a number of years past been an un- 
commercial product for bridge construction. Open decks, with 
cross-ties resting directly on top flanges of beams or girders, 
while still used to a considerable extent, are undesirable for short 
spans under the present heavy traffic; the preference being for 


a solid ballasted deck, so as to maintain a continuous ballasted 
road bed. Plate I. 


See 
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Monolithic concrete masonry with a few rods imbedded for 
tying the mass has practically replaced cut stone work for piers 
and abutments; and reinforced conerete arches are replacing 
short span steel bridges and stone arches, since the cost of this 
type of bridge, in locations suitable for its construction, is but 
little more than the cost of a steel bridge with a solid floor, and 
in many cases the cost may be even less. They can be easily and 
expeditiously constructed, even under traffic, and are very sub- 
stantial; but whether or not these reinforced concrete arches will 
be as durable as cut stone work is a question for the future to 
decide. Plates III, V and XIII. 

In 1894 Mr. Theodore Cooper suggested a standard typical 
loading designed to meet all the various requirements at that 
time, but arranged in such a manner that the stresses produced 
by this loading would be directly proportional to the weights 
of engines. This suggested loading consisted of two consolida- 
tion engines, with their tenders, coupled together and followed 
by a train load reduced to an equivalent uniform load in pounds 
per lin. ft. The different loadings were designated as E-25, E-30, 
H-35, E-40, ete.,4 the numerals representing the weights in 
thousand pounds on each driver axle. The weight on the forward 
truck of the locomotive was 50%, that on each tender axle 65% 
and the uniform train load 10% of the weight on one driver 
axle. The wheel spacing was the same for each class of loading, 
regardless of the weight. This loading, on account of its sim- 
plicity, has now become a general standard. 

At the beginning of the third period, wrought iron plates 
and shapes were commercial products and were largely used in 
bridge work, steel being considered less reliable and less econom- 
ical on account of special workmanship required, except for eye- 
bars and for long span structures. A few years later, when com- 
mercial structural steel had entirely replaced wrought iron, there 
were two grades in general use; one known as soft steel, with an 
ultimate strength of from 52,000 lbs. to 60,000 Ibs. ; and the other 
as medium steel, ranging from 60,000 Ibs. to 68,000 lbs. The 
medium steel when used was proportioned for a 10% higher 
working stress than that permitted for soft steel. The manufac- 


4¢¢Train Loading for Railroad Bridges’’, by Theodore Cooper, Trans- 
actions American Society of Civil Engineers, Vol. XXXI, 1894. 
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turers gave bridge engineers preciscly the same steel, whether they 
specified soft or medium, the soft being rolled near its upper 
limit and the medium near its lower limit. The author in 1901 
specified only one grade, viz., 60,000-lb. steel with a variation of 
5000 lb. each way.’ This grade of steel is now the general standard 
in railroad bridge construction. In 1903 the American Railway 
Engineering Association adopted general specifications for steel 
railway bridges covering loads, impacts, unit stresses for propor- 
tioning parts, details and quality of material’; and this was the 
first successful attempt at the standardization of American rail- 
road bridge specifications, These specifications are now recog- 
nized as standard, and are generally used not only as the basis 
for the design of new metal bridges, but also as a basis for deter- 
mining the strength of bridges constructed under other specifi- 
cations. Contracts for bridges are now generally based on unit 
prices for the actual amount of material used in the construc- 
tion. Successful competition, therefore, on the part of bridge 
builders, depends more upon efficiency in methods of construction 
than upon the actual quantities of materials which are used. 
Attention has been called to the fact that, until recently, the 
rapidity and extent of rolling load increases were neither fully 
appreciated nor anticipated in the construction of bridges. It is 
very fortunate for many existing bridges that the stresses pro- 
duced by these modern, heavy locomotives are not directly pro- 
portional to their weights, when compared with the standard 
typical loading now generally used as a basis for proportioning 
members. For instance, a 24-wheel articulated engine weighing 
616,000 Ib. (279,600 kg.) is 2.74 times as heavy as Cooper’s E-50, 
weighing 225,000 lb. (102,150 kg.), but the strains produced are 
only from 15% to 33% greater. A 16-wheel articulated engine 
weighing 493,000 Ib. (223,820 kg.) is 2.19 times as heavy as the 
K-50 class, but the strains produced are from 26% to 34% 
greater. A 20-wheel articulated engine weighing 478,000 lb. 
(217,000 kg.), 2.12 times as much, produces strains from 1% to 
14% greater. The above increases in strains refer to spans under 
100 ft. (30.5 m.). They will generally be less for longer spans. 
° General Specifications for Bridges, B. & O. R. R., 1901. 


*See Manual of Recommended Practice American Railway Engi- 
neering Association, 1911. 
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Many bridges were built in 1890 to carry a loading equivalent to 
Cooper’s E-30, and in 1900, or 10 years later, a majority of 
bridges were built for a loading equivalent to Cooper’s E-35 or 
K-40. At the present time they are being built for E-50 and 
E-60, and locomotives, such as the Atlantic, Prairie, Consolida- 
tion, 12-Wheel Pacific, Mikado and the Decapods, now in general 
service on easy grade roads, are equivalent to Cooper’s E-55 to 
E-60, and Decapod and Articulated types in use on heavy grades 
are equivalent to Cooper’s E-65 to E-70. 

The prevailing practice among the majority of railroad com- 
panies is to design their bridges for Cooper’s E-60 standard 
loading with the American Railway Engineering Association’s 
standard specifications as a basis. Structures designed in accord- 
ance with these standards will carry an overload of 50% in reg- 
ular service at unrestricted speed, and a much greater overload 
occasionally, or even regularly, at restricted speed, without im- 
pairing their safety. This 50% overload means that these bridges 
are sufficiently strong to carry Cooper’s E-90 loading, and the 
modern actual service types of locomotives equivalent in their 
effects are given in the following table.” 


Full Regular Service Traffic Capacity for E-60 Bridges Based on an 
Overload of 50%. 
Aver. Petge. 


Wheel Axle of 
Locomotives Weight Base Load Increase ® 

Coopersy l-90 reo. =... 405,000 23.00 90,000 50.0 
SLUG ia VE: peat Ae eae 336,000 31.79 98,800 57.0 
Narr AG On eee ered 427,600 34.25 99,100 75.0 
Consolrdation 22. -.:---.:: 411,000 26.50 90,700 58.0 
TO ENWihiee lis eee eee aE. _t 413,500 27.08 87,600 58.0 
Deca podss..22- Paes... 449 400 29.83 79,500 68.0 
T2CIN TO) oe eect ee ee 450,000 35.20 98,000 67.0 
JIANG IG), “i ee eee 473,000 35.00 93,500 55.0 
12-Wheel Articulated .... 523,800 30.66 87,100 56.0 
HN Ope Cot lie deere 2a eee 22-222 515,800 43.50 86,000 43.0 


20-Wheel Articulated .... 754,800 59.80 85,000 58.0 
16-Wheel Articulated .... 662,500 40.17 75,400 34.0 
24-Wheel Articulated .... 834,000 65.92 74,400 35.0 
12-Wheel Electric .......... 552,000 38.50 94,600 84.0 
16-Wheel Electric -.......- 619,200 44.22 77,400 94.0 


7<¢Rolling Loads on Bridges’’, by J. E. Greiner, Bulletin No. 139, 
American Railway Engineering Association. 
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These are the increases in rolling loads anticipated by those 
railroad companies which build what are known as E-60 bridges; 
and an examination of the weights of locomotives in the table, 
with wheel bases as they exist today, will undoubtedly suggest a 
strong feeling of the physically impossible, unless all present 
standards of road bed, gauge of track, side and overhead clear- 
ances are abandoned and the railroads are practically recon- 
structed. Those railroads, therefore, which are making provision 
for the physically impossible in the way of rolling loads are 
surely building strong enough to take care of whatever is possible 
in this respect, and they should have no fear that their bridges 
will not carry all the loads which can ever pass over them. When 
we consider that even if such excessively heavy types of locomo- 
tives are constructed and placed in operation, without changing 
standard gauge or clearances and without reconstructing our rail- 
ways, their operation would most assuredly be confined to high 
grade divisions, and they would not be regularly operated on low 
grade divisions. If such is the case, then those conservative 
roads which are designing their bridges for Cooper’s E-50 class 
of loading, which bridges are capable of carrying E-75 without 
any restrictions whatever (and even E-90 under restricted 
speed), are anticipating all possible future increases in rolling 
loads, and at a saving of from 12% to 15% of the cost of B-60 
bridges. As there are practically no roads which at the present 
time build lighter bridges than E-50, it appears that all American 
railways, at the present time, are profiting by past experience 
with short-lived railroad bridges and are fully anticipating all 
possible increases in rolling loads which ean be operated over 
their tracks until their entire lines are reconstructed; and if the 
next quarter of a century will again record the full life of an 
American railway bridge it will not be because the increase in 
the weight of rolling stock has not been anticipated, as has been 
the case in the past. 


*The Atlantic type applies to spans under 15 ft.; for greater spans 
the weight of this class of engine would run over 90 per cent in excess of 
the heaviest type now in service. 


*Percentages of increase in column 5 represent the approximate 
increase in weight of locomotives and driving axle loads in excess of the 
maximum weights now in actual service. 
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In regard to present tendencies, it may be stated that the 
introduction of new grades of structural steel and the improve- 
ments in machinery and in methods of construction are still 
influences to be considered in future developments. There is a 
tendency toward the use of alloys with high ultimate strength 
in the long span bridges, and when these new materials inspire 
general confidence in their uniformity and reliability for lighter 
work and their production commercially becomes less expensive, 
they may gradually replace the present standard structural steel, 
just as the latter has superseded wrought iron. This, in turn, 
may require some different types of metal bridges to be designed, 
so as to take advantage of the greater strength of the metal 
without sacrificing stiffness in the structure as a whole; or’ 
perhaps the present quality of stiffness in metal structures will 
give place to more elasticity. Another tendency is toward the 
use of reinforced concrete construction in preference to steel 
work wherever the conditions are suitable for this type of bridge, 
and toward continuous ballasted roadbeds over all bridges. There 
is also a tendency toward the construction of movable bridges 
revolving in vertical planes instead of in horizontal planes. 

These tendencies indicate that the evolution of the American 
railroad bridges has not as yet reached its final stage, but is still 
in progress under influences which will continue to direct its 
trend toward meeting changes in physical and economic con- 
ditions. 

In conclusion, it may be stated that the recent improvements 
in American railway bridge practice embrace the substitution of 
solid-ballasted decks for open decks on short-span, beam-girder 
bridges and for trestles; of plate girders for short-span, riveted 
trusses; of riveted trusses for short-span, pin-connected trusses ; 
of stiff bracing and counters for adjustable members; and of 
concrete and reinforced concrete masonry for cut stone work. 
While a few years ago the dominating characteristics of Amer- 
ican railroad bridge construction were lightness, flimsiness and 
cheapness, the characteristics of the present day standards are 
stability, solidity and permanence. These characteristics are 
illustrated on the plates appended hereto. 
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APPENDIX. 


In order to illustrate the present types of good bridge construction 


and the improvements which have been made during the past quarter of 


a century, the following sketches and photographs are appended hereto. 


Plate I. This illustrates the open-deck, framed trestle construction 
and I-beam spans such as were in general use during 1890; and 
ballasted-deck, timber trestles, reinforced concrete trestles, bal- 
lasted-deck I-beam spans, and ballasted-deck plate girders, which 
are considered the best types at the present time. The sketch 
of thé ballasted-deck timber trestle has been reproduced from 
the standard of the Seaboard Air Line Railroad; the reinforced 
concrete trestle is standard on the Chicago, Burlington ani 
Quincey Railroad; and the ballasted-deck plate girders ani 
I-beams are standard on the B. & O. Railroad. 


Plate II. This illustrates 153-ft. (46.7 m.) through, pin-connected 
truss spans, resting on stone masonry, built over the Juniata 
River at Lewiston, Pa., for the Pennsylvania Railroad, and is 
typical of the pin-connected bridges which were standard in 
1890. Observe the light rods and bracing, and compare with 
Plate IIT. 


Plate III. This illustrates 152-ft. (46.4 m.) double-track, through, 
riveted-truss spans, resting on concrete masonry piers, built over 
the Scioto River at Glenjean, Ohio, in 1910. This is typical of 
the present standard stiff riveted-truss bridges, and should be 
compared with the pin-connected truss of about the same span 
length shown on Plate II. 


Plate IV. This illustrates 400-ft. (129.1 m.) single-track, through, 
connected spans built over the Missouri River at Sioux City in 
1888. The adjustable type of lateral bracing is clearly shown 
on the photograph. 


Plate V. This illustrates a part of the Kentucky & Indiana Termi- 
nal Railroad Company’s bridge, resting on concrete piers, across 
the Ohio River at Louisville, Ky.; the spans with the curved top 
chords being 620 ft. (189.1 m.) long. This bridge was built in 
1912. 


Plate VI. This illustrates a double-track viaduct near Ludlow, Ky., 
built in 1906. This is typical of the present standard viaducts 
with steel towers. Note the stiff bracing in the towers. In 1890 
this bracing was generally of light adjustable rods. In favorable 
locations, plate-girder viaducts are frequently constructed with 
concrete piers in place of the steel towers, in which ease the 
spans are somewhat longer and are of uniform length. 


AMERICAN RAILROAD BRIDGES 405; 


Plate VII. This illustrates a type of movable bridge revolving hori-- 
zontally on a center pier, which was the standard type of moy-: 
able bridge in 1890. It was built by the Baltimore & Ohio Rail-. 
road across the Calumet River, about 1899. 

Plate VIII. This illustrates a doubie-track through swing-bridge: 
over the Columbia River, at Vancouver, Wash., built in 1907. 
Plate IX. This illustrates a double-track Scherzer rolling-lift bas- 
cule built over the Cuyuhoga River by the Baltimore & Ohio. 

Railroad in 1911. 

Plate X. This illustrates a Strauss trunnion bascule bridge over the- 
Calumet River, Chicago, built by the Chicago and Western Indi- 
ana Railroad in 1910. 

Plate XI. This illustrates the Willamette River Bridge at Portland, 
Oregon, which is typical of the American vertical lift bridges. 

Plate XII. This is a good stone arch bridge built by the Baltimore 
& Ohio Railroad over the Brandywine River at Wilmington, Del.,. 
in 1910. This is typical of the stone arch bridge which was 
a standard in 1890. It is a handsome and substantial structure, 
and there are very few like it being built at the present time, as. 
conerete is considerably cheaper and more expeditiously con- 
structed. 

Plate XIII. This is a concrete arch bridge over the Delaware River,. 
at Yardley, Pa., built by the Philadelphia & Reading Railroad in 
1914. The concrete in this arch bridge is reinforced with rods 
merely for the purpose of preventing temperature cracks. It is 
typical of the present first-class concrete arch construction, and. 
it should be compared with the cut-stone arch construction which 
was typical of the 1890 standard shown on Plate XII. 

Plate XIV. This illustrates a reinforced-concrete slab bridge cross-- 
ing a boulevard, constructed in 1914 by the Chicago, Milwaukee, 
and St. Paul Railroad. This is typical of 1915 reinforced-con- 
crete construction. 

Plate XV. This illustrates a riveted-truss span with concrete abut- 
ments and piers and a plate-girder viaduct, where concrete piers 
are used instead of metal towers. It was built in 1914 by the 
Chicago, Milwaukee & St. Paul Railroad and is typical of 1915 
construction. 

Plate XVI. This illustrates the erection of a truss bridge by means 
of a gantry traveler; a method of erection which was standard 
in 1890. 

Plate XVII. This illustrates the erection of a truss bridge by means 
of two derrick cars, and may be considered typical of 1915 meth- 
ods of truss erection. 

Plate XVIII. This illustrates the erection of a plate girder by means. 
of derrick cars, and is typical of 1915 erection methods. 


« 
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Plate I. 


Plate II. 153-Ft. Span Pin-Connected Trusses. Typical of 1890 Construction. 
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Plate IV. 400-Ft. Span Pin-Connected Truss. Typical of 1890 Construction. 
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Plate V. 620-Ft. Span Pin-Connected Trusses. Typical of 1915 Construction. 


Plate VI. Viaduct with Steel Towers. Typical of 1915 Construction. 
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Typical of 1890 Construction. 


Swing Bridge. 


Plate VII. 


AMERICAN RAILROAD BRIDGES 411 


Typical of 1915 Construction. 


Swing Bridge. 


Plate VIII. 
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Plate IX. Rolling Lift Bascule Bridge. Typical of 1915 Construction. 


Plate X. Trunnion Bascule Bridge. Typical of 1915 Construction. 
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Plate XI. Vertical Lift Bridge. Typical of 1915 Construction. 


Plate XII. Stone Arch Bridge. Typical of 1890 Construction. 
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Plate XIV. Reinforced Concrete Slab Bridge. Typical of 1915 Construction. 


Plate XV. Concrete Masonry and Viaduct. Typical of 1915 Construction. 
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Typical of 1890. 


Gantry Traveler. 


Plate XVI. 


Typical of 1915. 


Derrick Car. 


Plate XVII. 
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Plate XVIII. Derrick Car. Typical of 1915. 


DISCUSSION 


Prof. C. Derleth, Jr.,* M. Am. Soc. C. E., expressed the opinion that 
more and more, where cost will permit, masonry bridges will be used 
where short spans are possible. There may be the alternation to girder 
bridges encased in concrete—a reinforced-concrete structure in which the 
reinforcement is of structural shapes instead of bars or rods. As the 
paper points out, with spans exceeding 150 ft., the truss type of bridge 
becomes the desirable one; but the tendency will be to make the floor 
system as solid as possible, and of a ballasted type with reinforced- 
concrete covering, where economy and other features make that possible 
and desirable. 

The paper has pointed out repeatedly that the tendency now is to stiff 
members, eliminating altogether rods and bars as tension members; but 
in long spans, where mass gives inertia, it would seem that there are 
certain places where the joints should be left free, as in pin types. There 
should be certain important places where the joints are movable, notably 
at the top and bottom of the end post, in order that there may be a read- 
justment to take out as far as possible secondary strains and kinks. 

Prof. Derleth believes it a wrong tendency to propose completely con- 
tinuous spans for long-span work unless the piers are on rock, so that 
there will be no unequal settlement. As the spans grow longer, it would 
seem clear that carbon steel will in a short time be replaced by the alloy 
steels, just as steel took the place of wrought iron. 

Finally, in regard to computations, more and more they should be left 
to experts who practically do that and nothing else—always in consulta- 


* Dean, College of Civil Engineering, University of California, Berkeley, Calif. 
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tion, of course, with the so-called consulting engineers, who are the first 
conceivers of the proposition. Computations should eliminate the unneces- 
sary detail of the past, and we should try to state our moving loads in the 
simplest of forms, leaving the factor of safety to take care of irregu- 
larities, particularly as we are uncertain as to what will be the maximum 
loads during the life of the structure, and because the secondary stresses 
are an important feature. We should also design the longer spans to get 
rigidity, but not at the expense of elasticity. The life of a structure will 
depend upon the avoidance of vibration; so that while we should attempt 
to make joints solid in the shorter spans, there should be some places 
where there would be give, to avoid the undesirable features of a con- 
tinuous span. 


Prof. Chas. B. Wing,; M. Am. Soe. C. E., felt that the papers of the 
Congress, being statements and compilations of present facts, bringing the 
subjects down to date, do not readily lend themselves to discussion. It 
appeared to him that Mr. Greiner’s paper clearly brought out the changes 
in railroad bridges during the past 25 years, and the reasons therefor. 

The great bulk of the bridge work of the country is in short-span 
bridges. The long-span bridges will take care of themselves, as they have 
to be made the subject of special design. The economy that we get in 
bridge maintenance must come in a careful study of the shorter span 
bridges, and therefore the tendencies that are pointed out in this paper 
are exceedingly interesting. 

Prof. Wing believes that in the western part of this country there is 
still great merit in the wooden ballast deck type of trestle bridge, some- 
times of creosoted timber. If protected from water, it needs no creosote. 
Many such are used on the Southern Pacific Company’s lines; and they will 
probably outlast the steel ones if they are protected from water. The 
only thing to be renewed is the asphalt coating, and sometimes some guard 
rails; but these bridges ought to last a great many years, and at a much 
less cost than steel bridges. 

A great expense with steel bridges is in keeping them painted 
properly. There must be some inaccessible parts, no matter how designed, 
and we do not know what is going to take place in those inaccessible 
parts. We have had to renew our steel structures because the increasing 
engine loads had made them obsolete. Now we are coming, we hope, to 
the point of building steel structures to take care of all loads, and which 
will last their full life. 

Great attention should be paid to the small details of short-span 
bridges, especially of steel structures, to see that they are so designed and 
so erected that the main parts can live their lives, and the bridge not be 
discarded because some little detail has given out. 


Mr. William Hood,* M. Am. Soe. C. E., wished to correct a misunder- 
standing regarding ballasted deck trestles. The paper indicates on Plate I, 


y Professor of Structural Engrg., Stanford University, Calif. 
* Chief Engineer, Southern Pacific Co., San Francisco, Calif. 
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as well as on page 396, that ballasted deck trestles are of solid timber floor- 
ing and constructed of creosoted timber. This was true at one time, but, 
so far as he was aware, that type has not been built for many years— 
with the Southern Pacific Company, not for 20 years, more or less. The 
type was replaced with the use of creosoted timber stringers, spaced 
suitably and floored over with creosoted plank, on which the ballasted 
track was laid. This continued until, perhaps, 1898, at which time Mr. 
Bernard Bienenfeld, M. Am. Soe. C. E., suggested to Mr. Hood that the 
use of untreated timber obviously would be cheaper for the stringers and 
flooring; would be very much stronger, and could be protected from 
moisture by an asphalt roof; and would be thoroughly protected from the 
sun, which in a good deal of this western country destroys timber almost 
as much as decay. Since this suggestion, which was promptly adopted, all 
the ballasted deck trestles on the Southern Pacific lines, including those 
on the Lucin cut-off, have been built, accordingly, of untreated stringers, 
suitably spaced, floored over with untreated plank, and then covered with 
asphalt roofing, with, however, creosoted guard rails, which merely 
restrain the ballast, and with creosoted caps. 


Mr. C. F. Loweth,* M. Am. Soc. C. E., said that on the road with 
which he is connected, the practice is to use a solid line of stringers. His 
recollection is that they came to that because their trestle spans were 15 ft. 
9 in. centers, and in replacing an old-fashioned trestle by a new kind, it 
was desired to have the new correspond in length with the old; and as it 
seemed to be about as cheap, it was thought the advantage in having the 
equal span length was enough to overcome the additional cost that was in 
the stringers. 

He noted Mr. Hood’s statement that the stringers are not treated on 
the Southern Pacific Company’s trestles. On the Chicago, Milwaukee & 
St. Paul it had been the desire to treat them, but they felt justified in 
using cedar piles. They have had 25 years’ life out of white cedar piles, 
but they are now using Idaho red cedar, and although they do not know 
how long they will last, they think that they will get as long a life as 
will justify the expense. 

Mr. Loweth thought there is a tendency sometimes to blame the 
early designers of iron bridges, because they did not look far enough 
ahead and made their bridges too light. While that may be true, he 
thought it a question whether they did not build as wisely as we do 
today. There is a great deal of evolution going on in railroad bridges. 
Bridges are being taken down, not because they are too light but because 
we want to change them to double track, because the stream has 
changed, or because the grade has changed; and, if the bridges had been 
made very much heavier and had to be removed at this time for those 
reasons, there would be a larger loss connected with them. 

Mr. Loweth has to do with about 130 miles of bridges, and, of 
course, every year the question of renewal comes up. The problem is not 


* Chief Engineer, Chicago, Milwaukee & St. Paul Railway, Chicago, Ill. 
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so much one of engineering as of finances. There is a limited amount of 
money. What shall be done with it? Shall some bridges and trestles be 
replaced with first-class construction in kind? There are very few engi- 
neers who are able to say: ‘‘We will build everything that we have to 
build, only along the most permanent lines and in the strongest fashion.’’ 
Of course, it goes without saying that every bridge has to be strong 
enough to carry its load. But such bridges can still be built strong 
enough if they are built of treated or untreated timber, as well as if they 
were built of concrete or steel. That is not true of bridges of the longer 
spans, but, as Professor Wing stated, by far the majority of American 
bridges are of short spans; the longer ones are few and far between. 

He wished to take exception to the statement in the paper that 
the open-deck trestle is justifiable only on light traffic and branch lines. 


Mr. Samuel T. Wagner,+ M. Am. Soc. C. E., wrote that the changes in 
the conditions during the past 25 years in the history of American 
bridge building have come about gradually but none the less surely, and 
the manner in which the author presents them makes them appear 
startling. 

Probably the most remarkable change is that of the increased 
weight of the locomotive as affecting not only the sections of the 
bridge but also the arrangement of its details to say nothing of the abso- 
lute change of type for spans of various length. 

Some years ago we thought that the limit of the total weight of 
locomotives had been reached, at least approximately, because there ap- 
peared to be no more available cross-section between the outside lines 
of the locomotive and the safe clearance lines. Then the idea of the 
Mallet engine was introduced, and now it seems to be almost possible 
to believe that the weights might be increased by what years ago 
seemed almost impossible, viz, the increased cross-section of the locomo- 
tive and its encircling clearance line. 

In 1904 there was a most interesting discussion of the subject of the 
increase of engine loading for bridges before the American Society of 
Civil Engineers (Trans. Vol. LIV, page 78) and it seemed then as if a 
Cooper E-70 engine was about as far ahead as the mechanical engineers 
could see, and the author of the paper stated that for general purposes 
on large railroads it would be unwise to use any heavier loading than a 
Cooper E-50 engine. Now we are informed that a large bridge has been 
designed using an E-90 loading. When will it end? 

The changes in the details of metal bridges have been most marked 
and probably in them has been the greatest improvement as affecting 
the life of the structure. Short-span pin-connected bridges have been 
almost entirely replaced by riveted connected trusses or plate girders. 
No detail has received more attention than the floor, that portion of the 
structure which receives the direct impact from the train. Before 1890 


the floor of railroad bridges had been sadly neglected from the point 


¢ Chief Engineer, P. & R. Ry., Philadelphia, Penna. 
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of maintenance and no part of the bridge suffers more from increase in 
train loading. Even with all the improvements which have been made, 
the design of the floor is now receiving much thought in the direction of 
obtaining greater rigidity and reducing the cost of maintenance. In 
short-span bridges the use of solid floors of steel or reinforced concrete 
is increasing. It is a distinct advantage, from an operating standpoint, 
to have standard ties and ballast in place of special timbers on a bridge, 
and while from a purely financial point of view it is difficult to show 
any warrant for the increased cost, yet there are many places where 
such construction is advisable. The use of a solid floor is of distinct 
advantage, as far as permanency and rigidity of the structure are con- 
cerned. 

The changes in the uses of the materials of construction have been 
most marked. It was possible to obtain wrought iron for structures in 
1890, but in the 1893 edition of the Carnegie Steel Company’s Pocket 
Book the note ‘‘Our product will hereafter be exclusively steel’’ occurred 
for the first time. Carbon steel is the best material for structures of 
ordinary size, although its rate of corrosion, specially under unfavorable 
conditions, is so much more rapid than wrought iron as to sometimes 
make one wish he could get wrought iron as a commercial product. 
Specifications have been drawn for nickel steel] and structures built in 
which large percentages of this material have been used. On account of 
its cost it has no value for spans of ordinary length. 

Probably nothing has contributed so much to the uniform and satis- 
factory quality of carbon steel as the practicaliy unanimous adoption of 
a single grade of steel having an ultimate tensile strength of 60,000 
pounds per square inch. This grade is used in practically all ordinary 
structures. 

The increasing use of reinforced concrete in recent years has been 
remarkable, but probably it has been less used for railroad bridges than 
for other purposes. In railroad work its use has generally been for 
short-span slabs or in floors. The writer feels from experience that 
under the conditions usually existing in a railroad bridge all designs of 
reinforced conerete should be thoroughly protected by water-proofing in 
order to prevent the corrosion or electrolysis of the steel. 

Probably no single material in railroad work has increased in use 
more than concrete. Its use for mass work, such as for abutments, piers 
and arches has been proceeding in leaps and bounds. It is as good as 
most building stones as far as strength is concerned and is generally 
cheaper than stone masonry. Its monolithic character makes it much to 
be preferred for most structures, except where real architectural beauty 
is concerned, in which case nothing can excel properly prepared natural 
stone. It is true that in recent years the methods which have been 
adopted to present a pleasing surface and the architectural care which 
has been given to the design have resulted in concrete work that is 
beyond criticism for engineering structures. 


Wagner. 
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By 


GEORGE H. PEGRAM, M. Am. Soe. C. E. 
Chief Engineer, Interborough Rapid Transit Co. 
New York, N. Y., U.S. A. 


It is with some temerity that one presents a paper on a 
subject which is being so thoroughly studied and concerning 
which such a mass of published data exists, and it is only done 
with the idea that the individual views of engineers, presented 
in discussion, may bring forth some new points and may lead 
to a better understanding of existing data. 

The writer’s experience for the last seventeen years has been 
with the rapid transit railroads of New York City. The uniform 
character of the traffic and its great volume have made it pos- 
sible to study some parts of the problem, however, especially 
rail wear, under favorable conditions. His previous experience 
on several steam railways, and particularly as Chief Engineer of 
the Union Pacific System (1893-98), might justify a criticism of 
steam railroad conditions. 

The American Railway Engineering Association is making 
a systematic study of this subject, and in its standardization of 
the forms of reports is laying a foundation for a more scientific 
treatment than it has yet received. A special committee of that 
Association and a committee of the American Society of Civil 
Engineers is conducting a series of tests to determine stresses in 
tracks, from which much is expected. 

The essential features of the track of the modern railroad, 
consisting of metal rails supported on wooden cross ties as a 
runway for wheels having internal flanges, existed in the coal 
roads of England prior to the application of steam to railroad 
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transportation, and strangely, of the same gauge that is in com- 
mon use in the United States today. 

The design is admirably adapted to the conditions of service. 
The frequent fastenings of the rails preserve the gauge and 
secure temporary alignment of the parts of a broken rail; the 
cross ties form a platform upon which derailed wheels may run, 
and the rails and ties together form an elastic medium to dis- 
tribute the weight of moving loads over the roadbed. 

The details of roadway are of course varied to suit differ- 
ent conditions ; as for instance, in a snow country the roadway is 
made as much as possible in embankment, and cuttings are made 
wide enough to permit the track to be cleared. There are varia- 
tions in practice, however, under like conditions, which are largely 
due to our limitations of knowledge and experience, and which a 
general discussion of the subject will help to remove. 

In this, as in everything else, progress will depend largely 
upon the individual, and such studies and experiments as Doctor 
Dudley and others have made are very necessary. 

The improvements in the past decade have been in the more 
extended use of open-hearth high-carbon steel rails and in the 
rapidly increasing use of treated ties. The introduction of screw 
spikes has also taken place, but to what an extent it is an improve- 
ment, time is required to determine. Their extended use in 
Europe has been largely in different kinds of timber and under 
lighter loads. 

In order to illustrate the present, best American practice, 
data have been obtained from engineers of the various roads, 
from which Plate I, showing cross sections of the roadbeds, and 
Table 1, giving the details of track and roadbed, have been 
prepared. 

Several of the cross sections show sod; and if grass and 
other growths are to be maintained, proper conditions must be 
provided. Probably no greater improvement can be made in our 
roadbeds than studied and persistent efforts to secure the growth 
of grasses and vines. This requires gentle slopes, rounded cor- 
ners, proper drainage, and above all, permanent support for the 
toe of the slope. Ditches in a cutting are often cleaned out and 
the toe of the slope removed, regardless of the fact that the 
whole face of the slope will move to restore the equilibrium. 
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ELECTRIC RAILWAYS. 


While electric railways are mainly street-car lines, they 
extend into the rural districts, and steam railroads are being 
electrified near large cities, so that it seems proper to include 
them in this paper. 

The cross sections of the roadbed are shown on Plate II and 
the details of construction are given in Table 2. 

The underground electric-conduit construction is in such 
limited use that it will not be discussed except to call attention 
to a defect in most of those which have been built, namely, fail- 
ure to properly brace the track rail against the pull of the tie 
rod connecting it with the slot rail, by a lug or brace on the yoke. 
The track rails are generally fastened to the yokes with bolts, the 
heads of which project over the flanges of the rail and which 
become loose and yield to the pull of the tie rod, allowing the 
slot to be closed through the expansion or swelling of the street 
pavement. 

Electric railway construction, in cities where the streets 
are paved, requires the use of girder-section rails. While bolted 
splice plates are generally used, welded joints seem to be now 
preferred. A joint made by welding the edges of the splice bars 
to the head and base of the rail promises well. While a welded 
joint costs about twice that of a bolted joint, the better riding of 
the track, greater durability of the rails, and in cities like New 
York, saving in repairs of paving made necessary by loose joints, 
justify the use of the welded joint. 

Special forms of track are sometimes used in tunnels and 
subways. The Delaware, Lackawanna & Western Railroad has a 
short tie construction in its Hoboken Tunnel. The ties are 
imbedded in concrete, which comes to the top of the ties, and are 
held in place by wooden wedges. 

At the new stations of the New York Subway similar short 
ties are used, but they are fastened to the concrete, which comes 
to the top of the tie, with bolts set in the concrete. 

The Interborough Rapid Transit Company uses the spring 
track, shown in Plate II, in the East River Tunnels and at points 
where it is necessary to lessen the vibration, caused by the trains, 
to adjacent buildings. The small clearances in the tunnels fur- 
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ther required a fixed location of the track. In this track the ends 
of the ties, of the usual cross-tie construction, are supported on 
concrete benches located sufficiently outside of the rails to permit 
defiection of the ties. The space under and between the ties is 
filed with broken stone, to permit drainage and to prevent the 
accumulation of rubbish. This track has been in use nine years 
with good results. 


CROSS TIES AND FASTENINGS. 


Cross ties, as the largest item of track expense, merit special 
consideration, particularly as the conditions attending their use 
are so rapidly changing. 

The hardwood untreated cross tie probably makes the best 
track that can be devised. Its superiority over the steel and con- 
crete ties consists in elasticity, facility of making fastenings, 
resistance to displacement in the ballast, insulation of electric 
currents and especially toughness against destruction by derailed 
wheels. Its superiority over the treated tie of equally good 
material is in greater hardness, strength and toughness. It is, 
therefore, not surprising that untreated ties are often used in 
places where economy alone would seem to dictate the use of 
treated ties. 

Steel and iron ties cannot be said to be used in the United 
States, except in an experimental way, but we are interested in 
their development and will appreciate any discussion of their 
merits by those who have had experience in their use. 

We have reached the time when, generally, we must preserve 
our ties by treatment. The investigations of the Forestry Service 
of the United States Department of Agriculture are furnishing 
valuable data for our guidance, in addition to the work of the 
engineering societies. Time is still needed to reach definite con- 
clusions regarding many details—for instance, the relative effic- 
iency of different treatments under various climatic conditions; 
the comparative efficiency of screw spikes in different kinds of 
timber, as against cut spikes; ete. 

The present conclusions point to the following as desirable: 


1. The use of sawed cross ties treated with creosote or zine 
chloride. The sawed tie gives the most uniform support for the 
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rails and the best bearing for the tie plates. The amount of sap- 
wood need not be restricted, because the sap is most susceptible 
to treatment. This will lead to the greatest conservation of the 
timber supply. 

2. The process of treatment should not heat the wood above 
110° C. Ties which are overheated are made brittle. 

3. Tie-plates should be used on all treated ties, and on soft 
wood ties whether treated or not. 

4. The tie-plate should have a flat bottom, so as not to cut 
into the tie and allow the entrance of water. It may be desir- 
able to use corrugations or ribs on top of the tie plate to give 
distribution of pressure lengthwise of the tie. In such eases, 
screw-spikes should be used on account of the length required. 

5. When screw spikes are used, the head of the screw spike 
should be supported by a boss on the tie-plate sufficiently high to 
prevent the spike from bearing on top of the rail flange. Time 
and experience are still wanting to prove the merits of screw 
spikes as compared with cut spikes. 

6. Where cut spikes are used in treated timber, they should 
be driven in bored holes 7/16 inch by 4 inches. The interior 
of the holes should be treated before driving the spikes, and 
preferably when the ties are treated. Timber is rendered short- 
fibred or brittle by treatment, and unless the spike is driven in a 
bored hole, it will break up the fibres. 

7. It is believed that cut spikes should be driven into hard- 
wood untreated ties without previous boring, because the fibres 
are defiected rather than broken; and while the material around 
the spike is injured, the compression induced by the spike will 
tend to preserve the pressure. 

8. The use of the tie-plates facilitates tilting the rail normal 
to the coning of the wheel of the car, if desired, by making it 
with a beveled rail seat or by dressing the bearing on the ties 
to a bevel. 

While the tilted rail has not been used in the United States, 
there are indications that it might be used to advantage, par- 
ticularly in view of the observations of Mr. James E. Howard, 
United States Engineer Physicist, that transverse fractures occur 
on the gauge side of rails. (See Report to Interstate Commerce 
Commission of accident on the Lehigh Valley Railroad at Man- 
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chester, N. Y., on Aug. 25, 1911, and report of August 15, 1913, 
on the Louisville & Nashville wreck near Haymill, Ala., Oct. 1, 
1912.) 

9. The present tendency is to the use of the four-bolt joint, 
but it is believed that the six-bolt joint will ultimately prove 
better. It is essential, in either case, that the bolts shall be made 
of steel, of good quality, with high elastic limit. 

10. Anti-creepers should be used on all tracks having one- 
way traffic, particularly on grades. 


RAILS. 


It has been claimed that the railroad track has not been as 
scientifically studied and analyzed as other engineering problems. 
It has not been susceptible of very exact analysis because of the 
great variety of physical conditions and the economic limitations. 
The attention now being given to this subject by the railroads, 
engineering societies, the Government and the manufacturers 
gives promise of better results in the future. 

The rail presents the most serious problem. The responsi- 
bility for loss of life through wrecks that may be caused by 
broken rails makes us timid in treating the problem in a broad, 
economic way. With the increase of wheel loads and speeds, we 
naturally increase the weights of the rails. When the rail breaks, 
we cover our doubts as to the quality obtainable by further 
increase in weight. There are, however, reasons, aside from 
economy, why the rails should be made of small section. The 
small rail will distribute the load over a poor roadbed with less 
proportionate stress, because of its greater flexibility, and it can 
be made of better quality. This was brought forcibly to the 
writer’s attention on the Union Pacific Railroad in 1894 during 
the replacement of the old English 56-lb. rails with 75-lb. Ameri- 
can rails, where it was necessary to begin the replacement of the 
75-lb. rails before the 56-lb. rails had been completely removed. 

These 56-lb. rails were carrying passenger engines having a 
weight of 38,000 lbs. per axle, while the heaviest axle load now 
running on the present 90-Ib. rails is 56,500 Ibs., from which it 
will be seen that the 56-lb. rail was subjected to stresses 50 per- 
cent greater than the present 90-Lb. rail. 
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The Report of the American Railway Engineering Associa- 
tion (Proceedings of the Year 1914) states: ‘*The average per- 
formance of the heavy sections (85 lb. to 100 lb.) is not as good 
as that of the lighter sections (72 lb. to 80 lb.)’’. 

In Technologic Paper No. 38 of the United States Bureau of 
Standards (1914) it is stated: ‘‘One of the most important fac- 
tors in the determination of the grain size of the rolled piece is 
the amount of reduction in the rolls. A comparison of the results 
given in Table 23 shows that for two rails finished at practically 
the same temperature, the one having the smaller cross section 
is very much finer grained. The average grain size of the 90-lb. 
and 100-Ib. rails is 24,000 per square inch, while that of the 72-Ib. 
rails is 42,800 per square inch’’. And on page 61 of the same 
paper: ‘‘With uniform mill practice the rails of 100-lb. section 
will be finished at some 10 to 20 degrees hotter than 90-lb. rails 
and 50 degrees hotter than 75-lb. rails.’’ 

It is essential that standard sections shall be generally used. 
This will not only conduce to economy in manufacture but will 
permit better comparisons of service to be made. This object 
would not seem to be accomplished by having standard A, B and 
C sections of rail of the same weight as one society now proposes, 
and yet the writer recalls an experience which would justify such 
practice. For example, the New York subway was originally laid 
with A.S.C.E. 100-lb. rails and it was desirable to continue the 
use of such an accepted standard. It was found, however, that 
the sharp corner of the rail wore off so rapidly and cut into the 
wheels so badly that it was necessary to increase the radius of 
the corner from standard of 5/16 inch to 1/2 inch; and thus a 
new section was born. 

To have a section universally used, consideration must be 
given to what seems to be the extreme requirements of some of 
the users. It is, of course, necessary to accept the dictation of 
the mills as to desirable shapes to roll. 

The admirable report on rail failure statistics for the year 
ending October 31, 1912, published in the Proceedings of the 
American Railway Engineering Association for the year 1914, 
furnishes the best data we now have. Attention is called in this 
report to the fact that consideration is not given by the roads 
replying as to the differences in wheel loads, speed, tonnage over 
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the rails, and it might be added, the character of the roadbed. 
These elements are, of course, essential to enable conclusions to be 
drawn. 

On the New York City rapid transit lines, rails of various 
kinds have been tried and careful records kept of their service. 
The rails are of 90-lb. and 100-lb. sections. While the wheel 
loads are only half of those on the steam railroads, the uniform 
character of the roadbed and the facilities for exactly measuring 
the tonnage carried permit exact deductions to be drawn. This 
experience clearly confirms one of the conclusions of the A.R.E.A. 
Report above referred to, viz., ‘‘The wide variations of results 
must be due, to a large extent, to a lack of uniformity in the per- 
formance of different mills, and also to a lack of uniformity in 
the product of any individual mill’’. 

The averages of all rails used on the New York rapid transit 
lines show that the open hearth 100-lb. rail with carbon 0.75 to 
0.85 and phosphorus 0.02 to 0.04 gives twice the service against 
wear with only one half the number of breakages, in the same 
length of time, as the Bessemer rails having carbon 0.50 to 0.60 
and phosphorus 0.10. Still there have been Bessemer rails that 
gave practically the same service as the open-hearth rails. In 
two lots of open-hearth steel rails, rolled under the same specifica- 
tions, by the same mill, in the same year, the breakages: from one 
lot were five times the number from the other lot. 

A paper by Mr. O. O. Dixon, read October, 1914, before 
the New York Railroad Club, gives data on the wear of rails in 
the New York Subway. 

It is believed that more attention should be given by the 
railroads to securing better wearing rails. It seems probable 
that the carbon content of open-hearth rails can be increased 
0.10, or specified 0.72 to 0.85, with advantage, inasmuch as the 
phosphorus content can be made considerably less than 0.04. 
While the higher carbon may cause slightly more breakages, we 
must consider where the line should be drawn, and by improved 
mill operation, extend it as much as possible. The objections 
made to this are, that there is a higher percentage of failures in 
the high-carbon rails and that transverse fractures are more often 
found in the high-carbon rails. As Mr. Howard has pointed out, 
these fractures always occur on the gauge side of the rails after 
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they have been in service, and this is confirmed by other observ- 
ers. In view of this, it may be wise to lay our rails normal to 
the coning of the wheel rather than normal to the axle, as at 
present, and thus get a more central pressure on the head. 

In the matter of inspection, it would seem best to make the 
chemical determination from borings from the finished rails; 
and instead of taking test specimens for physical tests from three 
ingots of the heat, as at present, it would be better to test the 
top of the ‘‘A’’ rail of each ingot, and if this fails, test a speci- 
men from the bottom end of the ‘‘A’’ rail for the acceptance of 
the ‘‘B”’ rail, ete. This will add to the cost of production, but 
would seem to be a wise insurance against breakage in the track. 

In the United States Technologie Paper No. 38, previously 
alluded to, reasons are given for finishing the rails at a lower 
temperature to secure a finer grain structure, which would be 
practically accomplished by specifying a less shrinkage allowance. 

In a paper on the ‘‘Effect of Finishing Temperatures of 
Rails on Their Physical Properties and Micro-structure’’, by Mr. 
W. R. Shimer, read at the New York meeting of the American 
Institute of Mining Engineers, February, 1915, and giving the 
results of experiments made at the Bethlehem Steel Works on 
re-heating blooms, it is shown that when rails are rolled from 
blooms charged hot into a re-heating furnace and brought up 
to about the original ingot rolling temperature before rolling into 
rails, ‘“‘no appreciable difference in grain was found to indicate 
that the size or structure was governed by the difference in fin- 
ishing temperatures’’. 

The Lackawanna Steel Co. has introduced a de-seaming proc- 
ess, which consists in milling about 14 inch from the top and 
bottom of the ingot during the rolling into rails. 

A small lot of steel rails rolled from ingots poured with the 
big end up have been tried in the New York Subway, and have 
had no failures and appeared to be of a more homogeneous 
structure. 

It is thus apparent that the mills are alive to the necessity 
of producing better rails, and it is certainly in the mills that 
improvements must be made. 

Our rails will probably cost more, but the railroads can 
well afford to pay for longer wear and greater safety. 


= 
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Careful experiments are now in progress, by engineering 
societies, on track deflection. It is apparent that the general 
deflection of the roadbed under a locomotive causes tension in 
the base of the rail, which, combined with the local effects of 
' wheel loads, would require the base of the rail to be made pro- 
portionately larger than the head. 

The recent increase in the base of rail to prevent the flange 
breaks due to transverse stress would also tend to meet the 
requirements for this longitudinal stress. 

Dr. P. H. Dudley’s Stremmatograph records yield valuable 
information as to the stresses in rails due to track depression, and 
show the manner in which the stresses are affected by the distri- 
bution of wheel loads and speed. 

Unless the use of vanadium steel, which has‘not yet had a 
service trial, justifies its increased cost of 30 percent, it may be 
stated that open-hearth high-carbon steel now holds the field 
against the metal alloyed steels. 

Rolled manganese-steel rails, used in places of rapid wear, 
will give about five times the service of open hearth steel, but 
in electric railway service it has proved more susceptible to cor- 
rugation and breakage. The fractures, however, are of a pro- 
gressive nature and are generally discovered by inspection before 
ultimate failure. The present specified composition of man- 
ganese-steel rails is: 


(CHEM sya. 5.2 0. as Seana ecE OL nn eT Oo Deora ee .. 1.00 to 1.40% 
NARNEE RR "25 niga on bom son nbn os ao cb na dc 11 to 15% 
IPO NOIN 5 eoobde ened aboo Oooo ua mmo Not over 10% 


Conductor, or ‘‘third’’, rails are now obtainable at about 
the price of running rails, which have a conductivity less than 


one-seventh that of copper. 
The results of tests of 36 heats of open-hearth 100-Ib. con- 


ductor rails recently rolled were as follows: 


Carbon Manganese Sulphur Phos. Sil. 
VIET TO ese ehesy 1 .060 05 .028 .007 005 
Wielsairentied: Gol cae oon 190 25 045 023 015 
INSCNENEL So ecretanioe 074 18 033 .014 009 


Ratio to copper: Minimum, 6.20. Maximum, 6.68. Average, 6.68. 


Such rails are too soft to handle conveniently or to give 
the proper wear, and experiments show that the carbon content 
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can be made 0.15 and still keep the ratio of conductivity 
below 7. 
The literature on this subject is so voluminous that aside 


from the Proceedings of engineering societies, reference is only 


made to the following publications of special interest : 


‘Conservation of Cross Ties by Means of Protection from Mechanical 
Wear’’, J. W. Kendrick, Am. Ry. Engineering & Maintenance of Way Assn., 
March, 1915. 

‘‘Report of Accident on the Wabash R. R. near West Lebanon, Ind., 
March 7, 1912’’, Interstate Commerce Commission, Aug., 1912. 

“‘Hxperiments on the Strength of Treated Timber’’, W. Kendrick 
Hatt, PhD., Circular No. 39, July 20, 1906, U. S. Forest Service. 

“(Experiments with Railway Cross Ties’’, H. B. Eastman, Cireular 
No. 146, April 25, 1908, U. S. Forest Service. 

‘Cross Tie Forms and Rail Fastenings, with Special Reference to 
Treated Timbers’’, Herman Von Schrenk, Bulletin No. 50, 1904, U. 8. 
Forest Service. / 

‘Service Tests of Ties’’, Howard F. Weiss and Carlile P. Winslow, 
Circular No. 209, December, 1912, U. S. Forest Service. 

‘“Prolonging the Life of Cross Ties’’, Howard F. Weiss, Bulletin No. 
118, Nov. 9, 1912, U. S. Forest Service. 

“¢Wxperiments in the Preservation Treatment of Red Oak and Hard 
Maple Cross Ties’’, Bulletin No. 126, May 26, 1913, U. S. Forest Service. 

‘On the Finishing Temperatures and Properties of Rails’’, Dr. G. K. 
Burgess, et al., Paper No. 38, U. 8. Bureau of Standards (1914). 

“*Report of Accident on the Louisville and Nashville Railroad near 
Hays Mill, Ala., Oct. 1, 1912’’, Interstate Commerce Commission, 1913. 

“Unit Fibre Strains in Rails from Moving Wheels, Recorded and 
Elucidated by the Stremmatograph’’, Dr. P. H. Dudley. 

““Pypical Rail Failures’’, F. A. Weymouth, New England R. R. Club, 
Nov. 10, 1914. 

‘*Distinctive Features of Track Equipment of the New York Sub- 
ways’’, O. O. Dixon, New York R. R. Club, Oct. 16, 1914. 

‘*Eleetrie Railway Track Construction’’, R. M. Hannaford, Canadian 
Railway Club, Feb., 1913. 

‘‘Rail Sections as One Element in Steam and Electric Traction’’, P. 
H. Dudley, General Electric Review, Nov., 1914. 

‘‘Report of Accident on the Line of the Lehigh Valley R. R. near 
Manchester, N. Y., Aug. 25, 1911’’, United States Interstate Commerce 
Commission, 1912. 

‘‘Report of Accident on the Great Northern Railway near Sharon, 
N. D., Dee. 30, 1911’’, U. S. Interstate Commerce Commission. 

“Effect of Finishing Temperatures of Rails on Their Physical Prop- 
erties and Micro-structure’’, W. R. Shimer, Amer. Inst. Mining Engineers, 
March, 1915, 
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DISCUSSION 


Mr. Charles Whiting Baker,* Mem. Am. Soc. M. E., noted that the 
author introduces the question of its being worth while to tilt the rail. 
It appeared to him to be worth pointing out that the rail and the wheel 
are one machine, and that we cannot consider what the rail should be 
without considering at the same time what the wheel actually is. He 
referred to a very remarkable paper which was read some years ago by 
the Nestor of the profession, Don G. Whittemore, in which it was shown 
that the actual wheel rolling on the actual rail is a cylinder rolling on a 
flat surface, and not a cone. If we take a section, we find that, instead of 
the standard contour of the new wheel, we have quite a variety of shapes, 
some worn with hollow treads and some that are cylinders; and the rail 
has to adjust itself to those conditions. A rail after it has been in the 
track a little while is worn off apparently level on the top. It is worth 
considering whether the elimination of the refinements mentioned-—coning 
the wheel, ete.—might not result in better wear. In that case there would 
be no necessity for tilting the rail. 


Mr. Arnold Stucki,** Mem. Am. Soc. M. E., said that undoubtedly 
the wood tie is the most economical in certain sections of the country where 
timber is available and steel is hard to get; but there are localities where 
these conditions are just reversed. Several roads have had this experience. 
He thought it unfortunate that Mr. H. T. Porter, Chief Engineer of the 
Bessemer and Lake Erie Railroad, was not present to speak of his expe- 
rience with steel ties, for his entire road is equipped with them. 


Mr. W. A. Cattell; M. Am. Soc. C. E., stated that the principal 
trouble with steel ties is that no satisfactory means have yet been devised 
of fastening the rail to the tie. The adoption of the steel tie is not so 
much a matter of the relative cost and durability of the steel and wood, 
but of the efficiency of the fastening. If a satisfactory fastening could be 
developed, steel ties would soon come into more general use. 


Mr. William Hood,: M. Am. Soc. C. E., wrote concerning the top 
finish of a roadbed in cuts or fills, preparatory to track laying and sub- 
sequent ballasting, supposedly on account of future drainage, that Figs. 1 
and 2—single track cut on tangent and on curve—show half width of eut 
as 9 feet, the corresponding half width of bank being 8 feet, which are 
ordinary and normal suitable construction, to be varied from according to 
climate and according to the importance of the railroad. 

Both of these figures show an irregular line in general underneath 
the finished line marked ‘‘ profile or formation grade’’; this irregular line 
being illustrative of the ordinary shape of a cut or fill roadbed as graded 
by ordinary appliances, ready for finishing to surface ready for track laying. 

* Editor-in-Chief, Engineering News, New York, Ney. 

** Consulting Engineer, Pittsburgh, Pa. 


+ Consulting Engineer, San Francisco, Calif. 
¢~ Chief Engineer, Southern Pacific Co., San Francisco, Calif. 
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The material then put on and smoothed to formation grade on tangents, 
and to transverse slope on curyes, is the most suitable material readily at 
hand. If possibly the adjacent cuts contained material as good as ballast, 
or partially as good as ballast, this material would be used. 

In no ease is the top of the resulting smooth surface ready for track- 
laying to be considered waterproof and capable of shedding water, regardless 
of the shape that it may be put into. Hence, it may be considered that 
the only practical utility of such smooth surface is for (1) convenience 
of track laying and first running surface and (2) for ensuring uniform 
depth of ballast under the ties. 

On banks this condition is not permanent, and whatever the shape 
they are top-finished to, it soon disappears after settlement and is corrected 
by track raising with more ballast. 

The dimensions of ditches should be determined by climatic requirements 
and are located either on both sides or only on one side of the cut; or in 
some instances there are no ditches at all. 

Excessive half widths of cuts in mountainous regions, steep transverse 
slope canyons, ete., give a cost of construction which is best appreciated 
by those who have had experience and profited by it. 

In close work of this sort, where benched line to hold the ballast is 
required on the lower side, the difference between 9 and 11 feet half width 
ean readily double an already heavy cost of grading. 


Mr. N. A. Eckart,* M. Am. Soc. C. E., felt that inasmuch as electric 
railways have been included in the scope of this paper a brief descrip- 
tion of the track and roadbed construction of the San Francisco Municipal 
Railways may be of interest to the visiting members, most of whom have 
doubtless had occasion to ride over the Municipal Road to the Exposition. 

The standard construction of the Municipal Railways, briefly sum- 
marized to correspond with the column headings of Table 2 of the paper, 
is as follows: 

Heaviest Car, weight 50,000 pounds; wheel base, motor truck 4 ft. 
10 in. 


Heaviest Wheel Load, 6250 pounds. 


Rail: 106 pounds per yard in straight track, 
129 pounds per yard on curved track, 
70 pounds in open track construction. 


The 106- and 129-pound rail are grooved girder sections, 9 in. deep; 
standard lengths are 60 and 62 feet, and 30 and 32 feet respectively; 
* the 70-pound rail is the A. S. C. E. section, 45% in. deep, and 33 feet 
standard length. All rails are of open hearth steel, purchased under the 
Standard Specifications of the American Society for Testing Materials; 
the carbon content of the girder rail being as per Class ‘‘A’’. 


* Agsistant Engineer in charge of Municipal Railway Construction, San Fran- 
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Splice bars for the girder rail are 36 inches in length with twelve 
l-inch bolts, and for the ‘‘T’’ rail are 34 inches in length ‘with six 
34-inch bolts. Shoulder tie plates are used throughout, and square spikes. 
Crossties are split California redwood, untreated, and are 6 in. by 8 in. 
by 8 feet long, spaced 2 feet on centers. Ballast is crushed rock $ inches 
deep under the ties. 

Briefly the method of construction in paved streets is as follows: 

The track trench is excavated between lines 2 feet outside of the 
outer rails. The pavement, when of asphalt on concrete base, is broken 
by means of a 2500-pound pile-driving hammer, with an 8- to 10-foot drop, 
the pile-driving rig being so mounted that the hammer may be swung 
back and forth across the width of the trench as it progresses along the 
line. Following this the asphalt surface is easily separated from the con- 
crete base, loaded by hand into trucks, and hauled away. The shattered 
concrete is then thrown to one side and a small steam shovel, generally 
of one-half yard capacity and of the merry-go-round type, is used for 
completing the excavation to subgrade, which is 2345 inches below the 
finished rail surface. The bottom of the trench is then flushed with water 
and rolled with a 5- to 7-ton roller; in clayey material flushing is omitted, 
and in sand rolling is omitted. Upon the subgrade thus prepared 6 inches 
of broken rock ballast is spread, or, where available, the broken concrete 
paving base, crushed to size, is used. This is then covered with sufficient 
sand to fill the voids, which is flushed into the interstices with water from 
a fire hose. Following this the sub-ballast is rolled with a 5- to 7-ton roller. 
The ties and rails are then laid, additional ballast is then added and the 
rails tamped up the remaining 2 inches to grade. The space between the 
ties is filled with broken rock, except that pockets are left under the rail, 
and for a width of 12 inches on either side, into which concrete is poured 
to form a foundation for the header blocks. These basalt header blocks 
are laid adjacent to the rails on a 1 to 3 dry sand and cement bed. The 
pavement base, where asphalt surface is used, is then poured to the re- 
quired grade between these blocks, after which 1 to 1 cement grout is 
poured between the block joints, using a strip of canvas weighted with 
sand along the outer edges of the blocks to retain the grout until it is set. 
The asphalt paving, consisting generally of a 114-inch thickness of binder 
and a 1%-inch thickness of asphalt topping, is then laid, after about 7 
days. When the track work has been thus completed and before cars are 
operated, all joints are gone over with a Vixen plane and brought to a 
perfect surface. The rails, as in nearly all paved track construction, are 
laid with close joints, except that in special work -inch joints are speci- 
fied. 


The city has about %4 of a mile of double track operated jointly with * 


the Ocean Shore Railroad Company. This track is constructed under the 
same specifications, except that the rail is 141-pound section with flange- 
ways for M. C. B. wheels. Freight cars of 100,000 pounds capacity are 
regularly handled over this piece of road, and so far no trouble has been 
experienced either in the track or in the adjacent header blocks and pay- 
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ing. There has been no pumping up of the header blocks, a common 
annoyance where a sufficient foundation is not provided for the blocks 
and care is not taken to keep water from penetrating the paving base. 

The Municipal lines cross a number of cable tracks and in a few in- 
stances trouble has been caused by the expansion of the rails closing the 
cable slots. To prevent this condition, which had been anticipated, struts 
were riveted to the under side of the rail bearing on the cable yokes and 
concrete blocks carrying the cable construction. Where the electric 
tracks are laid downhill from the cable crossing, these struts are gener- 
ally omitted; in one instance, however, where two cable tracks were 
crossed a block apart on a grade, the struts at the foot of the grade have 
held and the expansion has forced the rail joints, tie rods and all up the 
hill through the concrete paving base with sufficient force to partially 
close the cable slot at the top of the hill. Standard slot widths are %4 inch 
and the cable grips are % inch, allowing 4% inch leeway. The remedy 
quickly applied was to restore the slot to its original width by burning 
with oxy-acetylene. 

The author has not included in his paper any reference to the important 
subject of track special work. San Francisco has been installing through- 
out solid manganese special work, of double-web construction 9 inches 
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deep, with flange bearing risers at intersections. These risers reduce the , 


noise at crossings and increase the life of the special work materially, due 
to the reduction of shock. They have given rise to no trouble except where 
used in conjunction with the Ocean Shore tracks. Here a number of 
chipped wheel flanges in the 100,000-pound freight cars have been re- 
ported, but this Mr. Eckart believes to be due to taking these crossings at 
too high a speed. 

The city has developed a standard specification for track special work 
covering the character of material, design, and limits of tolerance. All 
similar pieces are interchangeable in any and all layouts and the fishing 
sections are ground so that standard joint plates may be used throughout. 
This feature of interchangeability is very valuable in reducing the number 
of spares to be carried and facilitates maintenance. 

The author refers to the use of manganese-steel rails. It would seem 
that where manganese rails are used, special attention should be paid to 
the bonding of these rails, inasmuch as the conductivity is only about 
one-fourth that of open-hearth steel rail and about one-fortieth that of 
copper, thus requiring a much larger area of contact for the bonds in 
order to keep the current density in the rails at the point of bond contact 
within reasonable limits. Compressed terminal bonds are not suitable for 
use in the manganese castings, owing to the practical impossibility of drill- 
ing the necessary holes, to overcome which difficulty resort has been made 
to casting plugs in the rail, which plugs must be quite large to prevent 
excessive current density. In the city’s standard construction all bonding 
is carried clear around the manganese special work by copper cables, no 
attempt being made to bond the manganese. In addition to avoiding bond- 


ing trouble in the casting, it renders replacement of special work less dif- 
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ficult. It would seem that with the use of any length of manganese rolled 
rail, it would be necessary to supplement the bonding of the rails with 
additional copper to secure sufficient capacity in the return circuit in 
order to decrease liability to electrolysis, which will occur whenever the 
potential gradient is excessive. 


Paper No. 88 


SIGNALS AND INTERLOCKING. 


By 


CHARLES HANSEL, M. Am. Soc. C. E. 
Wew York, iN: VY.) Urs. Ac 


The International Engineering Congress held at Glasgow 
in September, 1901, was the last Congress which considered 
the subject assigned to the writer. During the deliberations 
at Glasgow, a paper by Mr. I. A. Timmis, M. Inst. C. E., entitled 
“*Modern Practice in Railway Signaling’’ was read. The sub- 
ject of Signals and Interlocking was treated broadly under two 
headings: First, the Westinghouse High-Pressure (Electro- 
Pneumatic) System; second, the Low-Pressure Pneumatic. 

The intricacies of signaling and interlocking eall for a 
vast number of parts; and, perhaps, no other branch of rail- 
way operation requires the accuracy of design, construction, in- 
stallation and maintenance as is required by the various forms, 
styles and installations of block signal, power interlocking and 
manual interlocking. 

The writer assumes that this Congress is not particularly 
interested in listening to a discourse on the principles and de- 
tails of track circuits, automatic signals, power interlocking, 
and the like; but prefers, rather to be directed to the most im- 
portant developments which have occurred in the art of sig- 
naling and interlocking since the last paper on this subject, 
which was printed in the Proceedings of the Congress at Glas- 
vow in 1901. 

After the practicable development of the automatic block 
system as installed on steam-operated railroads, came the de- 
velopment of track circuit methods, which provided for the 
use of the track circuit: thus the automatic block. On elec- 
trically-operated railroads, without such development the large 
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terminals and stretches of outlying track now operated elec- 
trically would still have to be operated by steam. 

It is a matter of universal knowledge, that the track cir- 
cuit as installed and used on steam railways for many years is 
the controlling factor in automatic block signaling and that, 
without such rail circuit, our present knowledge of the art of 
signaling is insufficient te provide an automatic block system 
of equal merit. 

The installation and maintenance of the rail circuit on 
steam railroads is simple and inexpensive so long as the pro- 
pulsion power of trains is the steam locomotive. The operation 
of trains by electric power by means of motor cars or motors 
requires the uninterrupted use of the rail for propulsion pur- 
poses; therefore, the problem of dividing the track into blocks 
—as is easily done where the motive power is self-contained 
and does not require a return current through the rails—at 
once becomes difficult, since it is necessary to employ two dif- 
ferent currents using the same path; 1. e., the rail or rails. The 
propulsion current must not be impeded, whereas the block 
signal rail circuit must be impeded so as to divide the track 
into blocks. Thus, while the impedance bond is necessary in 
order to cut off the block circuit, there must be no impedance 
offered to the propulsion circuit. 

Since the majority of electric lines are operated on the 
direct-current principle, it was necessary to perfect a method 
of employing alternating current for signal track cireuit where 
both track rails must be retained for propulsion purposes. To 
accomplish a rail circuit for block working on electrie lines, 
impedance bonds are installed, for the same relative purpose 
as the ordinary insulated joints on steam-operated roads. 
These impedance bonds are now designed on simple and practi- 
eal lines; although, when the subject was first broached to the 
electrical experts, it was not believed to be practicable by 
reason of the supposed necessity of design, which would pro- 
vide an apparatus of such bulk and cost as to make it 
impracticable. 

The development of the A. C. signal track circuit was 
accomplished primarily for the purpose of installing auto- 
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matic block signals on suburban electric railways; and the 
first reported notice of the satisfactory development of the A. 
C. track circuit appears in the notice to the stockholders of 
the Pneumatic Signal Company, November, 1902. At that 
time, the very important development of the New York Cen- 
tral Terminals at 42nd Street, New York, and the Pennsylvania 
Terminals in New York City, as now planned and operated, 
had not been contemplated; and, indeed, it would not have 
been practicable to operate such terminals by electric propul- 
sion without the use of the A. C. track cirenit, or rather the 
principles used and developed by the A. C. track cireuit, in 
association with the impedance bond. Thus, the development 
of the A. C. signal track circuit marks an epoch in safe and 
economic railway operation. 


UPPER QUADRANT SEMAPHORE SIGNAL. 


As is well known, the art of signaling was first developed 
to a satisfactory stage in England, and the practices of English 
railways in respect to signaling and interlocking were gen- 
erally adopted in the United States. As we look back upon 
the principles and the designs which govern the manufacture, 
installation and operation of the earler signaling devices, we 
may well wonder why principles were adopted which now 
seem obviously incorrect and expensive. 

The first semaphore signal indicated ‘‘safety’’ by the posi- 
tion of the arm below the horizontal. ‘‘Danger’’ was indicated 
by the horizontal position of the arm. Im order to insure the 
signal arm going to the horizontal position in case of the break- 
ing of connections between the operating power and the signal, 
it was necessary to counter-weight the arm; and this counter- 
weight must be sufficient to overcome, not only the weight of 
the arm itself, but also any accumulation of ice and snow. 
Since the weight of ice and snow accumulating on an arm is 
considerable, it follows that the counter-weight necessary to 
insure the moving of the signal arm to the horizontal position 
is considerably greater than would be required if it were not 
necessary to provide for the conditions attendant upon ice and 
snow and weight of signal arm. With the excessive counter- 
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weight necessary to insure the movement of the signal to 
‘‘danger’’ in case a connection broke, the power necessary to 
clear the signal is unduly augmented. 

It is obvious that, if the indication for a clear signal is given 
by moving the arm above the horizontal, the necessity of the 
counter-weight will disappear and any accumulation of ice or 
snow on the signal arm would tend toward safety by causing 
the signal arm to fall from the upper quadrant to the horizontal 
position, or below. Thus, if the indication of safety is given 
by moving the signal arm to a position above the horizontal 
rather than below, as was, and is, the English practice, we not 
only secure a safer signal, but we materially reduce the cost 
of operating same; especially when the signal is automatic 
and operated by mechanical power. 

All of the modern installations now being made in the 
United States have the upper quadrant semaphore signal. The 
earlier installations of this form of signal were on the Great 
Northern Railway in Minnesota, in 1907; on the Philadelphia, 
Baltimore and Washington Railroad at Media, Pa., in 1906; 
on the Washington Terminal at Washington, D. C. (where 
there are 201 semaphore signals), in 1907; on the St. Louis and 
San Francisco Railroad near Clathe, Kansas, in 1909; and on 
the Nickel Plate, at Griffith, Ind., in 1909. 

The three-position automatic semaphore followed closely 
the perfection of the upper quadrant. While the indication 
above the horizontal for ‘‘clear’’ was not necessarily a part of 
the development of the three-position signal, the upper quad- 
rant lends itself more satisfactorily to the three-position indi- 
cation; and, while, in the opinion of many signal engineers, the 
development of the three-position indication is a very import- 
ant step in the advancement of railway signaling, it does not 
mark an epoch as clearly as does the development of the upper 
quadrant indication. 

The writer contended for years for the upper quadrant 
indication for the semaphore and took frequent occasion to pub- 
lish papers on the subject in the technical press. It is inter- 
esting to note that in an editorial comment on one of these 
articles in which the writer urged the adoption of the upper 
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quadrant, the editor took occasion to express the opinion that 
it was not likely that the railroads would adopt the drastic 
suggestion of showing a clear signal by the indication above 
the horizontal rather than below, as was then the general 
practice. 


AUTOMATIC TRAIN CONTROL. 


The development and installation of automatic semaphore 
signal systems, while providing a visual system of signaling 
almost perfect in its operation, does not compel discipline nor 
provide against the failure of the trainmen to observe and act 
upon the indication of such semaphore signals. In the opinion 
of the writer, the next important development of the railway 
operation will be the perfecting of a suitable system of auto- 
matic train control. 

To appreciate the influences that guide the actions of a 
locomotive driver, one must study the conditions from the cab 
of the locomotive; and it is probable that, if more people were 
familiar with these conditions, there would not be such a de- 
sire for speed at the expense of safety. It is not likely that 
any argument of this character will change the temperament 
of a nation, and we must, therefore, view the conditions as 
they exist, and endeavor to guard against the involuntary or 
inexplicable acts of the locomotive driver, who, while possess- 
ing keen intelligence and a desire to do his duty to the pubhe 
and his employer, occasionally fails for reasons that, in many 
cases, he cannot himself explain. 

Accidents have occurred, with horrifying results, where 
the railroads were equipped with as good a system of visual 
signals as is known to the art; and it was clearly proven that 
these signals were operative and indicated the exact condition 
of the block they governed. These accidents demonstrate that 
the locomotive driver must be protected against the time when 
he shall fail from mental or physical inability or from inat- 
tention; and it can hardly be expected that any human being 
will always do that which he ought to do. 

It is possible to provide for the automatic control of trains 
by means of apparatus beyond the reach of the locomotive 
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driver, fixed at predetermined points on the permanent way 
so as to apply the air brakes in case the train attempts to pass 
when the signal is at ‘‘danger’’. Any such device should be 
considered in relation to the carrying of traffic safely without 
unnecessary interruption. No devices should be encouraged 
which would tend to remove the responsibility from the loco- 
motive driver of observing visual or other signals, and it 
should only become automatically operative when the locomo- 
tive driver becomes, as it were, ‘‘de-energized’’, physically or 
mentally, or both. He should retain the control of his train at 
all times so long as he is ‘‘energized’’ and fit mentally and 
physically to perform the function of his post. He should be 
able to pass a signal at ‘‘danger’’, provided, however, there is 
no obstruction in the block or section of track it governs; or, 
in case he has a permissive card authorizing him to proceed 
by signal under control; or whenever he knows a signal is at 
‘‘danger’’ because it is out of order; and there may be other 
conditions which might make it necessary for him to pass a 
signal at ‘‘danger’’ in order to protect his train. He should 
be able to hold the apparatus from operating automatically ; 
but, in case he does so hold the apparatus from operating, such 
act should be recorded, as to time and frequency, in such a 
manner as to make a secret record beyond his control. 

It is entirely practicable to give all of these results with- 
out interfering with the proper and independent action of the 
locomotive driver so long as he is competent to act. Such de- 
vices may be so arranged in connection with the locomotive 
as not to inconvenience the driver, and still provide against 
the time when he may fail to do that which he ought to do. 
There is, of course, a great diversity of opinion as to how far 
we should attempt to carry the automatic control of a train, 
and it may be that, in the opinion of some of the operating 
officials, it would only be necessary to automatically shut off 
the steam and give an audible signal in the cab; whereas, 
others might desire all of the functions above indicated. In 
any case, the automatic control should be used as an auxiliary 
to fixed signals and be governed by the condition of the block; 
in which case, it would protect the train against a false in- 
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dication of the signal, which sometimes shows ‘‘clear’’ when 
it should be at ‘‘danger’’. 

By using the automatic control system as an auxiliary in 
the manner described, the equipment of each locomotive and 
block increases the unit of safety; and, even though only one 
locomotive be so equipped, we shall have taken a permanent 
forward step which will insure the control of that train just 
as surely as if all the locomotives were fitted; and all additional 
locomotives so equipped would add to the percentage of pro- 
tection. It is evidently not necessary to have a definite per- 
centage of all the locomotives equipped before we can secure 
the benefit of the apparatus, as in the case of the air-brake 
system. 

Assuming that a railway thoroughly equipped with a sema- 
phore block system has also added the proposed system of auto- 
matic control: the locomotive driver, instead of feeling that 
he is relieved from the responsibility of observing the visual 
signals as closely as heretofore, finds that he must use greater 
vigilance, because a record is made of every time he passes a 
home signal at ‘‘danger’’; and, with the knowledge that such 
record will be in the hands of his superior each day, he will 
certainly hesitate to sacrifice safety to speed. 

The failure of the automatic control system is not by any 
means as serious as the failure of the visual system, because it 
is only an auxiliary; and, as the engineer has to depend upon 
the indication given him by the visual system to advance or 
stop, there is nothing in the automatic control which author- 
izes him to advance. 

Many engineers have been opposed to automatic block 
signals for the reason that there is no record of the failure to 
observe signals, as in the case of the manually-operated sig- 
nals; and, consequently, it is impossible to discipline the en- 
ginemen. The automatic control of trains, with the apparatus 
making a secret and permanent record, would remove the ob- 
jection to the automatic block system, and make it more com- 
plete and perfect than any other system now known. 

The automatic control of trains will be found especially 
valuable when fog occurs, as it will provide an audible signal 


446 SIGNALS AND INTERLOCKING 


in the cab, and control the train as well. This will obviate the 
necessity of torpedo signals, as in England. 

Very little progress was made in England in the develop- 
ment of automatic control of trains until within recent years, 
except as an adjunct for safer working during fog. During the 
last few years, however, a number of accidents have occurred 
which have been entirely due to drivers over-running the sig- 
nals, thereby directing attention to the need of an auxiliary to 
the visual signal system. A number of such auxiliary signals 
have been given a more or less extended trial by the Board of 
Trade officers who have more or less interested themselves in 
the matter, and they have said: 


‘¢Our recommendation is that Railway Companies should be urged 
to carry out combined experiments with different systems of Cab Sig- 
naling and Automatic Control with the object of supplementing the 
present system of semaphore signaling’’. 


There are at the present time two systems which have been 
extensively tried and adopted to a limited extent in England. 
The first is the Western System; the second, the Raven System. 
The former was first tried on an extensive scale on the Great 
Western Railway. It was inspected by the Board of Trade, 
and other provisional sanction was obtained for it to be used for 
a period of six months as a substitute for the semaphore dis- 
tant signal. As a result of this test, the Board of Trade gave 
their full sanction of the apparatus, and the distant signals 
were permanently removed. 

‘When we consider the extreme conservativeness of the in- 
spectors of the Board of Trade, we must conclude that the ap- 
paratus was at least more perfect than the distant signal sys- 
tem which it displaced. 

With the exception of the subways, where the automatic 
control of trains is in successful operation, there are, in the 
United States, no installations of automatic control of trains. 
None of the Continental railways is equipped with automatic 
control, though many experimental installations have been 
made. 

Signal engineers and railway operating officials, gener- 
ally, do not feel that the cab signal or automatic train con- 
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trol should necessarily supplant the visual or roadside signal 
as now installed under the general term ‘‘automatic block sig- 
nals’’, but rather that these wayside signals should be supple- 
mented by the cab signal and automatic control. 

In railway signaling, there are recognized, well-established 
protective rules, to which appeal is made when measuring the 
utility or capacity of a signal system for promoting safety. 

A large proportion of the inventions offered to provide an 
automatic stop are practically useless; another class of such 
inventions discloses the fact that their authors are entirely un- 
familiar with the conditions to be met and the engineering rules 
to be observed. 

In the art of signaling, the protective value of a proposed 
invention is determined in the first place upon whether or not 
the mode of action and the fundamental designs of the device 
satisfy certain engineering rules. 

In the gradual development of the art of signaling, the 
requirements have become exacting, and have resulted in plac- 
ing the question of the ‘‘survival of the fittest’’ authoritatively 
upon a scientific basis. 

Railway operating officials, as also the Federal Govern- 
ment of the United States, now realize that it is practicable to 
provide a system of automatic train control, and the Railway 
Signal Association of the United States has promulgated a set 
of specifications, as follows: 


REQUISITES OF INSTALLATION. 


Note. These requisites are drawn for application in con- 
nection with a properly-installed block-signal or interlocking 
system. 

1. The apparatus so constructed that the failure of any 
essential part will cause the application of the brakes. 

2. The apparatus so constructed that it will automatically 
control the train in the event of failure by enginemen to observe 
signals or speed regulations. 

3. The apparatus so constructed that it will control the 
train in the event of a failure of fixed signals to give proper 
indications. 
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4. The apparatus so constructed that proper operative re- 
lations between those parts along the roadway and those on the 
train will be assured under all conditions of speed, weather 
wear, oscillation and shock. 


5. The train apparatus so constructed as to prevent the 
release of the brakes, after automatic application has been 
made, until the train has been brought to a stop, or the speed 
of the train has been reduced to a predetermined rate. 


6. The train apparatus so constructed that when operated 
it will make an application of the brakes sufficient to stop or 
control the train within a predetermined distance. 

7. The apparatus so constructed as not to interfere with 
the application of the brakes by the engineman’s brake valve or 
the efficiency of the air-brake system. 

8. The apparatus so constructed as to be operative when 
the engine is running forward or backward. 

9. The apparatus so constructed that when two or more 
engines are coupled together, or a pusher is being used, the 
apparatus can be made effective on the engine only from which 
the brakes are controlled. 

10. The apparatus so constructed as to be operative on 
trains moving only with the current of traffic. 

11. The apparatus so constructed as to conform to the 
American Railway Association standard of clearances of rolling 
equipment and structures. 

12. The apparatus so constructed as not to constitute a 


source of danger to employees or passengers, either in its in- 
stallation or operation. 


13. The apparatus so constructed as not to interfere with 
the means used for operating fixed signals. 
Adjuncts. 

The following may be used: 


(A) Cab Signal. <A signal located in the engine cab indi- 
cating a condition affecting the movement of the train and so 
constructed that the failure of any part directly controlling 
the signal will cause it to give the ‘‘stop’’ indication. 
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(B) Detonating Signal Apparatus. An apparatus located 
along the roadway and so constructed as to give an audible 
signal by means of a torpedo or other explosive cartridge. 

(C) Speed Indicator. 

(D) Recording Device. An apparatus located on the train 
and so constructed as to make a record of the operations of the 
automatic applications of the brakes and of the speeds of train, 
and such other records as may be desirable. 

The perfecting of a system of cab signaling and automatic 
control of trains is a duty which should not be left to the un- 
assisted efforts of the individual. 

Governing powers have laid down rules and specifications 
for the ideal,—a goal for someone to achieve. This is not suf- 
ficient. The public interests demand that more speedy progress 
be made; and it seems reasonable to expect that the govern- 
ing powers should join with the railroads, and offer such in- 
centive as will stimulate practical work, and hasten the day 
when the traveling public will be more fully protected by the 
cab signal coordinated with the wayside signal and also the 
automatic control of trains. 


DISCUSSION 


Mr. H. J. Kennedy said that he had noticed that the upper quadrant 
signals are used in some places and he wanted to know if the absence of 
sleet here is the reason why the Southern Pacific Co. uses the lower quadrant 
type. He wished to ask why an automatic stop was not placed at the point 
of the last wreck on the Northwestern Pacific Railway. 


Mr. L. M. Perrin,* Assoc. A. I. E. E., said that the wreck on the 
Northwestern Pacific Railway could have been prevented by the use of an 
automatic stop, but that the diversified traffic precluded an automatic stop 
at this point at present. 

On the Brooklyn Subway a system of cab signals has been installed 
instead of the fixed signals. 

According to the latest Interstate Commerce Commission report 50% 
of the railways have block signal control, 15% automatic and 35% manual. 

Mr. Paul J. Ost,** in answer to Mr. Kennedy’s question as to why 
automatic stops were not used on the Northwestern Pacific, said so many 
kinds of equipment are in use there, that an automatic stop is out of the 


* Senior Signal Engineer, Div. of Valuation, Interstate Commerce Comm., San 


Francisco, Calif. 
** Blectrical Engineer, San Francisco, Calif. 
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question. Steam, electric and narrow-gauge equipment are run over the 
same roadbed, and they all have different clearances. 

The upper quadrant has the advantage of three positions, which the 
lower quadrant does not have:—horizontal, denoting danger; inclined at 45 
degrees upward, for caution; and vertical, to denote a clear track. The 
caution signal may be displayed by the semaphore arm that displays the 
danger signal; thus the one arm may be made to do the duty of both the 
distant and home signal. To the best of his knowledge the three positions 
in the lower quadrant are not as clearly defined as those in the upper 
quadrant. 

Mr. H. J. Kennedy recalled that some years ago semaphore blades 
were constructed so that there were three positions in the lower quad- 
rant—horizontal showing red, or danger; 45 degrees downward showing 
green, or caution; and clear down, white or proceed. 


Mr. Paul J. Ost, in reply, stated that the proceed of the lower quad- 


‘rant is not as clear as the proceed of the upper quadrant. 


Mr. H. H. Simmons* wished to state that the Chicago & Eastern II- 


‘ linois have automatic stops working on their main line between Peoria 


and Danville, and this is a steam operated road. 


* Chicago, Ill. 
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This paper will deal principally with railway freight termi- 
nals. 

The question of railway terminals may be discussed from 
many view-points: from the general organization of the terminal 
system, its general layout and methods of operation, down to the 
minute details of track layouts. 

The theories on which assembly and classification yards, dis- 
tribution yards, local delivery yards and their operation are 
based are very much the same throughout the country. It is 
true that each city and each terminal point has its own peculiar 
physical limitations, and the details of laying out a terminal sys- 
tem and its operation are largely controlled by local conditions. 
The precise methods of operation employed are not, in the judg- 
ment of the writer, of as great interest and importance as the 
general theory of terminal operation in this country. 

In approaching a great center of industry and population, 
the railroads have generally planned their terminal layouts to 
provide for assembly, classification and holding yards outside of 
the congested district, for inter-communication with other rail- 
roads by belt lines or direct switching, and for distributing and 
receiving freight stations located at strategic points within the 
terminal district; and this latter includes facilities for the trans- 
fer of commodities between rail and water carriers, where this is 
part of the business of the terminal district. 

The writer, therefore, has prepared a series of maps showing 
six of the important railroad and terminal centers of the United 
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States; these include New York, which is the principal manu- 
facturing district of the country as well as the principal port for 
foreign commerce; Chicago, Buffalo and Cleveland, which are 
Lake Ports; St. Louis, which is distinctly a River Port; and New 
Orleans, which, while it is one hundred miles from the Gulf of 
Mexico, still may be considered a Gulf Port. 

On these maps the railroads are brought out prominently in 
order to show the terminal arrangements; and street systems and 
other details usually found on maps of these cities have been 
largely omitted. 

Before entering into a detailed statement of the terminal 
situation at these cities, it might be proper to discuss the rela-, 
tion of the railroad terminals to the railroad systems, and of the 
railroad terminals to the general economic conditions at these 
localities. 

Unquestionably the most expensive parts of railroad sys- 
tems are their terminals, both as to physical construction and 
as to operation, and this is especially so in the vicinity of and 
within large cities. 

The capacity of a railroad for doing business is measured 
largely by the capacity of its terminals. It is usually a compar- 
atively simple and inexpensive matter to add additional tracks 
to a railroad line. There are places, of course, where the con- 
tour of the country renders this expensive, and although most 
of the principal rivers are followed on both banks by railroad 
lines, yet it is almost always possible, with a reasonable expendi- 
ture, to increase the rail facilities by adding additional tracks. 
It is sometimes necessary to make a detour to accomplish these 
additional tracks, and it is sometimes necessary to enter into a 
general reorganization; but taking it as a general proposition, 
increasing the facilities of a railroad by adding additional tracks 
is not a difficult or expensive matter. 

When, however, it comes to increasing the terminal facili- 
ties within large cities and terminal districts, the problem is a 
far more difficult one. There is the greater expense of right-of- 
way, the greater difficulty of separating the rail traffic from the 
vehicular and street traffic of the city, and the necessity of avoid- 
ing grade crossings with other lines. The most advantageous 
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locations for terminal facilities are already taken up by the rail- 
roads and transportation systems which have foreseen the growth 
of the territory and the importance of advantageous locations, 
and have pre-empted the most available of them. 

The time has passed when the railroads are allowed to cut 
rates against each other, the tariffs having been fixed by the 
Interstate Commerce Commission. In the past the railroads have 
been able to hold out inducements to shippers by granting special 
privileges in the matter of switching and spotting of cars, in re- 
bates and in other ways. This now cannot lawfully be done, nor 
can special privileges in the way of rebates be made by any car- 
rier, but equal services must be extended to all. The competi- 
tion for business, therefore, between the railroads at important 
points is now limited to the competition for the best terminal 
facilities, in order that the shipper may most conveniently and 
quickly deliver and receive his freight at the freight stations, and 
in order that the quickest freight movement may be provided. 

This competition by the railroads for terminal facilities is in 
many ways advantageous to the communities, for it is through 
this competition that quicker deliveries can be made and that a 
shipper may receive or deliver his freight from the freight station 
with greater ease and consequently less cost, but there is another 
feature of this competition which may not be considered to be to 
the public advantage. 

In many places the railroads, in order to provide better ter- 
minal facilities than their rivals, have done so at seemingly un- 
warranted expense, not only in the installation but also in the 
operation of their terminals. This expense in many cases is out 
of proportion to the services rendered, but with a great railroad 
system it is possible to absorb these heavy terminal costs by dis- 
tributing them over the great mileage of their systems. 

The railroad companies have been seeking from the Inter- 
state Commerce Commission the right to increase their rates, and 
as an argument in support of this contention, they state that 
higher rates are necessary in order to take care of the higher 
cost of doing business. There seems but little doubt that the 
costs to the railroads have become higher, but perhaps these in- 
ereased costs are due largely to increased terminal costs, and 
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this, to a large extent, may be due to the rivalries which exist 
between the railroads to create more convenient terminal arrange- 
ments so as to draw business to their lines. This means that the 
public is asked to pay for the expensive individual terminal ar- 
rangements that the rivalries of the railroad companies have 
created. 

A mere glance at the maps contained in this report will 
show the extent to which the individual railroads have gone to 
ereate a multiplicity of private terminal facilities. 

The solution of this difficulty appears to be in the reduction 
of individual railroad terminal installation and in the establish- 
ment of joint facilities in large cities through which to handle 
the business of all the railroads within the terminal district. 

In New York Harbor, for instance, there are nine separate 
and individual railroads with their tide-water terminals in the 
New Jersey portion of the harbor. Each of these railroads per- 
forms its individual lighterage service and each of them has 
established its individual freight terminals, throughout the 
harbor. 

This individual railroad operation in New York necessitates 
the movement of cars, lightly loaded, the duplication of services 
and high rentals for individual terminal stations, all of which 
adds to the cost of the freight movement; but the fact that com- 
petition is restricted to these terminal services has caused the 
more progressive and far-sighted railroad companies to secure all 
they have been able of the available locations, with a view of not 
only serving their own immediate and growing needs, but also of 
preventing their competitors and rivals from securing additional 
facilities through which to compete with them. 

The rivalries of the railroads have made it difficult to ar- 
range for the establishment of joint terminal systems and have 
made it necessary, particularly in New York, to devote much 
valuable land, especially on the waterfront, to railroad business, 
where it is much needed for other purposes and for shipping. 
The growth of business and the present expense of individual 
terminal services, will, it seems, necessitate the organization and 
operation of a more economical and efficient joint terminal ser- 
vice. 


i 


RAILWAY TERMINALS 455 


Chicago, appreciating this difficulty, has been striving to 
effect a better freight terminal system; Buffalo is now under- 
taking a system of joint railroad operation. In St. Louis and in 
Cleveland they see the necessity for some less expensive joint 
operation. 

New Orleans, probably in advance of any city in this coun- 
try, has progressed far in perfecting its terminal organization. 
The water-front is largely operated as a joint public utility, and 
-in addition the belt line railroad is publicly operated at cheap 
rates, where all the railroads are served on an equal basis. 

San Francisco has done much in establishing a public belt 
line; Philadelphia is working for this and for joint railroad 
services, as are Boston and Baltimore and many of the other 
cities. 

_ There seems to be a realization in this country at this time 
of the necessity of discarding the costly individual private ter- 
minal operations in large cities, and of substituting therefor a 
joint terminal system under a certain degree of public supervis- 
ion through which the shippers can be properly served with the 
sacrifice of a minimum amount of valuable property, and with a 
cutting down of the costs to the carriers as well as to the shippers. 

The following more or less detailed descriptions of the ter- 
minal situations at the cities above mentioned will serve to indi- 
eate the amount of individual operation that has grown up, and 
will also serve to show, particularly in the case of Chicago and 
of New York, the necessity of abandoning this expensive individ- 
ual operation in favor of a more economic joint terminal system. 


NEW YORK TERMINAL SITUATION. 


The terminal situation at New York is quite different from 
that of any of the other large cities in the country. The port of 
New York is divided by water into five principal sub-divisions : 
The Borough of the Bronx in New York City on the mainland to 
the north; the Boroughs of Brooklyn and Queens in New York 
City on the mainland to the east; the Borough of Richmond or 
Staten Island in New York to the south; the Borough of Man- 
hattan, separated from the mainland by the Harlem River, the 
East River and the Hudson River in the central portion of the 
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harbor; and the New Jersey district, comprising many munici- 
palities on the mainland to the west. 

The principal railroads from the south, the west and the 
northwest have their tide-water terminals in the New Jersey dis- 
trict without physical connections for freight service to the New 
York portion of the harbor. The Borough of Manhattan has rail 
connection only with the New York Central and Hudson River 
Railroad, the Borough of the Bronx only with the New York 
Central and the Hudson River Railroad, and the New Haven 
Railroad, the Boroughs of Brooklyn and Queens only with the 
Long Island Railroad, and the Borough of Richmond only with 
the Baltimore and Ohio Railroad. This refers of course to 
freight service. 

In the New Jersey district are the terminals of the Central 
Railroad Company of New Jersey; the Delaware and Hudson 
Railroad; the Delaware, Lackawanna and Western Railroad; the 
Pennsylvania Railroad; the Lehigh Valley; the Erie Railroad; 
the New York, Ontario and Western Railroad; the Philadelphia 
and Reading Railroad; the West Shore Railroad, including the 
New York Central lines west of Buffalo; and of these railroads in 
New Jersey, all have physical connections with each other. 

On account of these tide-water terminals in New Jersey, a 
great part of the best of the water-front in the New Jersey por- 
tion of New York Harbor is oceupied as railroad terminals for 
lighterage of freight to and from the other portions of the har- 
bor; and in an examination made during July, 1913, it was found 
that there were 71 foreign steamship lines with regular sailings 
to foreign ports located in the New York portion of the harbor, 
while only 6 were located in the New Jersey portion of the har- 
bor. This is, of course, an unnatural state of affairs and one 
that is only made possible by the free lighterage services which 
the railroads perform throughout the harbor. 

There is no general terminal organization in New York Har- 
bor, although there are four terminal companies which perform 
certain local service. 

Each of the railroads conducts its own separate lighterage 
system, and the rivalries of the railroads, which are very keen at 
the port of New York, have created a great number of individual 
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terminals to which the services performed are only done at great 
expense, 

It will be interesting perhaps to quote from the New Jersey 
Harbor Commission’s Fourth Preliminary Report, of which the 
writer was the principal author, the following concerning the 
railroad and steamship situation in New York Harbor. 

“New York Harbor is the great point of trans-shipment 
between rail and water carriers, and this separation of the rail- 
road terminals and the steamship terminals by bodies of water, 
necessitates a large amount of lighterage which is expensive and 
wasteful. 

“Method of Conducting Railroad Business. 

‘“The railroad business on the New Jersey side of the har- 
bor may be divided into three classes: 

1. Shipment and receipt of freight to and from Manhattan 
Island and the other boroughs in New York. 

2. Shipment and receipt of freight to and from ships. 

3. The transfer of railroad cars between the railroads ter- 
minating in New Jersey and the railroads terminating in New 
York. 

‘‘Considering first the business with Manhattan, practically 
no freight is sent on to Manhattan Island for trans-shipment, but 
all freight sent there is for consumption or fabrication on the 
Island itself. 

“The statement is frequently made that New York Har- 
bor may be divided into three classes: 
applies to the Hudson River water-front in lower Manhattan, and 
probably nowhere is there greater congestion at terminals than in 
this district. It has been possible to get high rentals for piers in 
this district and it has been the policy of the City of New York 
to execute long term leases, many of them to railroad companies, 
which return to the city a large revenue. A large portion of the 
food supply of Manhattan is brought to the piers on the West 
Side, by the railroad companies from New Jersey, and owing to 
the congestion and generally inadequate terminal arrangements, 
there is a very considerable waste of food products and perish- 


able materials. 
‘<This business is of the first importance to the City of New 


York and to Manhattan Island. Various plans for relief have 
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been proposed, various commissions have been organized, and 
have reported plans for relief, and a very general study has been 
made, to provide a plan whereby delays in the handling of per- 
ishable freight could be reduced, and better terminal arrange- 
ments could be had that would tend to decrease the terminal 
costs, and at the same time to better the quality of the food 
product as received by the consumer and to decrease its costs. 

‘“ A considerable amount of freight is brought from the New 
Jersey railroads to Manhattan for fabrication. Manhattan has 
grown as the business and financial center of the country, and 
generally in the plans proposed, it has not been the purpose to 
draw manufacturing to the island but rather to encourage it to 
settle in the outlying boroughs. The large amount of manu- 
facturing which is now done on Manhattan and the large popu- 
lation on the East Side, skilled in certain light manufacturing, 
make it necessary to provide for a considerable amount of manu- 
facturing to be done on Manhattan; and in any plan for reorgan- 
ization, it is necessary to provide for the economical receipt and 
distribution of raw materials and for sending out the finished 
product. The occupation of the westerly Manhattan water-front is 
shown in the following table taken from a paper presented to 
the American Society of Civil Engineers, February 21, 1912, en- 
titled ‘* The Problem of the Lower West Side Manhattan Water- 
front of the Port of New York’’, by B. F. Cresson, Jr., M. Am. 
Soe. C. E. 


‘*BUSINESS INTERESTS USING THE NEW YORK WATER-FRONT. 


From north side of From north side of 
Pier new 1 to 125 Pier new 1 to north 
ft. south of Pier side of 30th. St. 
new 48, 11,780 20,658 ft.=3.91 
feet = 2.23 miles miles 
Transatlantic steamships ................ 1.4% 17.5% 
Coastwise steamships —................- 15.6% 23.3% 
iain Oa; 22 5° eo 47.9% 30.8% 
TSAUG HOTA TRANS LONOKE), ence ens ose ee oe 5.38% 3.0% 
OUnGe Steainers nena eee 10.0% 5.7% 
ONTOS) <2. <..c2c esse cat oon 0.0 9.5% 7.8% 
Onenswharfage 2. 5) ee 4.3% 3.9% 
Miscellaneous, coal, ice, ete. ............ 5.8% 6.9% 


Riecreamon piers .......1. eee 0.2% 0.1% 
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‘“The above table shows the large amount of water-front 
which is given over to the railroad companies for their present 
use, and as the business with the railroads in Manhattan is in- 
creasing at the rate of from four to eight per cent per annum it 
is only a question of time when either better methods must be 
employed and a more economic use made of the water-front, or 
else the railroad occupation must be extended; this can only be 
done by excluding the steamship business more and more; the 
railroad business with Manhattan is of greater importance to the 
city than is the steamship business. 

‘‘The method of conducting the railroad business is usually 
as follows and this applies to freight : 

‘‘Trains are brought from the west and south to the railroad 
yards on the New Jersey shore where the freight is separated for 
the various terminals in and about the harbor. Cars containing 
freight for individual terminals are placed on ear floats and 
towed across the river into the slips between the piers, awaiting 
the calling of the consignee. A certain time for storage must be 
allowed in order to give the consignee time to arrange for taking 
the freight away, but if the freight is not removed within a cer- 
tain time the railroad companies send it to storage and charge 
the consignee with the expenses attendant thereto. The inbound 
freight to Manhattan is therefore handled on the piers. 

“The outbound freight for the New Jersey railroads is de- 
livered to the bulkheads and bulkhead sheds in Manhattan by 
truck during the day, but principally in the afternoon ; the trains 
on the floats are not usually sent out until the evening and the 
truckman naturally wishes to hold his truck until he can have it 
fully loaded. Usually the same time of delivery at destination 
can be made, if the truck is on line at the bulkhead any time in 
the day prior to 4:30 P. M.; and the railroad company usually 
receives freight from all trucks which are on line waiting to make 
delivery, at or before 4:30 P. M.; there may be some exceptions 
to this but it is the usual practice. 

‘While the congestion of freight on the piers and bulkheads 
is also very great, it is this congestion of trucks and the 
delays incident thereto that cause the excessive terminal costs. 
Tt has been stated that it costs a merchant in Manhattan more to 
get his freight to and from the railroad piers than the amount he 
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pays to the railroad companies for transporting that freight 
from the piers to almost any part of the country. 

‘The freight in the bulkhead sheds is loaded onto the cars 
standing on the car floats in the slips. An effort is made to do as 
much classification of freight on the car-floats as possible, and as 
many cars are usually brought over as can be accommodated in 
the slips, in order that as many points of destination may be pro- 
vided for as possible. The car-floats are towed across the river 
in the afternoon and evening on a regular schedule and the cars 
are then taken to the classification yards where any re-classifica- 
tion is done that is necessary, and trains are made up to go out on 
a regular evening schedule. 

‘“The competition between the railroads, which at one time 
existed as to rates, has been eliminated; practically the only 
competition remaining is at the terminals where inducements are 
made to encourage shipment by providing better facilities for the 
receipt and distribution of freight, and by making more rapid 
delivery at destination. 

‘‘The railroad cars crossing the river on fioats for this busi- 
ness are loaded only to an average of about eight tons each, and 
some idea of the amount of waterfront on Manhattan which is 
used in this manner, can be gotten when it is known that 
1500 to 2000 railroad cars on ear-floats occupy this waterfront 
every day. 

““The business which the railroad companies do with the 
ships is conducted in another manner from that described above. 
Practically all of the freight passing between the railroads and 
the ships is unloaded from ears at the railroad yards in New 
Jersey on to lighters which are then towed alongside of the ships 
and the freight loaded directly into the ships, or the lighters are 
placed alongside of steamship piers where the freight is dis- 
charged to the piers for storage until such time as it can be 
loaded into the ships. In the case of inbound freight the reverse 
process is employed. In no ease, as far as can be observed, is it 
the general practice to take railroad cars on floats alongside of 
ships for direct loading and unloading, except in the banana 
trade, where it is done to a limited extent. 

“The transfer of railroad cars between the New Jersey rail- 
roads and the New England railroads is done by car-fioats, and 
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as referred to in Appendix ‘‘E”’ which is a general description 
of the business layout of the harbor, a number of cars are trans- 
ferred on car-floats to the terminal companies operating in the 
harbor. 

‘““There are some features in the railroad situation in New 
York Harbor which are of special interest to the business commu- 
nity. In the first place, there is a ‘‘Differential’’ rate against 
New York and favoring neighboring seaports—this is a matter 
which concerns the port as a whole; and secondly, there is the 
system of ‘‘free lighterage’’ about the harbor, which concerns the 
various districts in the harbor.’’ 

Quoting still from this report concerning the plans proposed 
for the organization of terminal facilities about New York Har- 
bor the following appears: 


‘‘There have been plans proposed from time to time in the 
past, for extensive terminal improvements in New York Harbor. 
It may be said that the facilities in the harbor have been a growth 
along lines of least resistance, rather than along the lines of a 
earefully thought out plan of general harbor development. 

‘‘ Ag it has been stated before, many of the piers in New 
York Harbor were laid out at the time when the principal busi- 
ness was carried on by sailing ships, by canal boats and small 
steam and sailing craft, and there has not been any direct con- 
nection made between the shipping piers and the railroads, for 
the direct transfer of cargo. 

‘“As long as there was plenty of room for the construction 
of additional piers whenever they were required, the situation 
was comparatively simple as regards providing berths, but when, 
in certain sections of the harbor great congestion developed, and 
when applications accumulated for steamship and railroad inter- 
ests for accommodations in a particular section of the harbor, 
signifying their willingness to pay high rentals, then the situa- 
tion became difficult. 

“The real difficulty in the situation lies in the fact that by 
reason of the lack of any modern terminal arrangements, there 
is conducted on the river side of West Street and the Marginal 
Way, all of the business, all of the trans-shipment, and all of the 
freight handling that is carried on at the principal terminals for 
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the transatlantic passenger service, the principal terminals of 
the coastwise steamship business, the principal terminals of the 
New Jersey railroad systems (which latter have established a 
floating railroad yard in this water-front at which practically all 
of the food supply of Manhattan is discharged) and the princi- 
pal terminals of the New England Steamship Companies and the 
Hudson River steamboat companies. In addition to these there 
are the ferry terminals of the New Jersey railroads; two for the 
Pennsylvania Railroad, two for the Central Railroad Company 
of New Jersey, two for the Erie Railroad, three for the Lacka- 
wanna Railroad, and two for the West Shore Railroad. 

‘“ All of this business is jammed together on this water-front 
and on the water-front side of this street, with but little relation 
between the piers, with no facilities for handling freight except 
hand trucks, and with no place to handle freight except on the 
piers, in the bulkhead sheds, and on the Marginal Way. 

‘‘The solution of the problem toward which practically all 
of the plans advocated have aimed, is to provide a means whereby 
the railroad cars of the New Jersey roads could be discharged and 
loaded, back from the water-front. Various methods of accom- 
plishing this have been proposed, but the majority of them have 
advocated a marginal railroad along West Street and the Mar- 
ginal Way on the surface, as a subway, or as an elevated struct- 
ure, to deliver cars into terminals on the easterly side of West 
Street. 

‘“A plan advocated by Hon. Calvin Tomkins, when Commis- 
sioner of Docks, City of New York, proposed the establishment of 
a general classification yard on the Hackensack meadows west of 
the Palisades to which all the New Jersey railroads would have 
access. From this yard by tunnels for standard rolling stock, a 
connection was made under the Palisades and the Hudson River 
to a marginal elevated railroad along the Marginal Way, extend- 
ing from the 60th Street Yard of the New York Central Railroad 
as far south as Courtlandt Street, the tunnels to cross the river 
opposite 57th Street and connect with the elevated structure at 
about 39th Street. 

‘From this elevated railroad structure sidings were contem- 
plated leading to terminal buildings on the easterly side of West 
Street, where trucks could receive and deliver freight with much 
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less congestion than now exists at the terminals on the water 
front. 

‘““By means of this elevated railroad structure the unpopular 
surface tracks of the New York Central Railroad would be elim- 
inated, and that railroad would have access to and the same 
rights on the structure as the New Jersey railroads. The pur- 
pose of this marginal railroad, which was to be built as a city 
enterprise, was to establish better terminal facilities on the prac- 
tically unused lands on the easterly side of West Street and by 
attracting business to these terminals to join in the operation of 
this general terminal system and gradually give up their ter- 
minals on the water-front. By releasing this water-front from 
railroad occupation it could be devoted to steamship purposes. 

‘“ At the present time the easterly side of West Street is prac- 
tically unused and the buildings are mostly one-, two- and three- 
story structures and devoted to lodging houses and cheap shops. 
The westerly side of this street, however, is probably the most 
intensively used of any section of the city. The easterly side of 
West Street is now cut off from the water-front by the Marginal 
Way and by connecting it by means of the elevated railroad with 
the rails of the New Jersey railroad systems, a considerable por- 
tion of the business now done on the river side of the street could 
be transferred to the easterly side. 

‘“By this means the business which the railroads do with the 
Island which does not require the water-front, could be separated 
from the business which the ships do with the Island, which does 
require the water-front. 

‘<The New York Central Railroad agreed to construct an ele- 
vated railroad at its own expense to take the place of its surface 
tracks, thus indicating the practicability of its operation. <A 

private corporation has made an offer to construct tunnels under 

the Hudson River from a joint railroad yard in New Jersey to a 
subway along the Marginal Way, using the overhead space in the 
Marginal Way for storage, warehousing and factory purposes. 

“Practically all of these plans contemplate joint operation 
and a general terminal system of some sort in New Jersey, and 
the adoption of such a plan would have a very important bear- 
ing upon the situation on the New Jersey shore opposite Man- 
hattan. This frontage is now extensively used for loading rail- 
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road cars on to car-floats for transfer to Manhattan by water. 
If this transfer could be made by an all-rail connection through 
tunnels or over bridges the extensive railroad occupation on the 
New Jersey side that now exists would be relieved, and it would 
be possible to rescue some of this water-front and develop it for 
the purposes of modern marine commerce, which would be splen- 
didly served by reason of the existing railroad connection. All 
efforts to bring about joint operation of the railroads on the west- 
erly side of Manhattan have so far failed, and the city authori- 
ties have also failed to come to any decision on a plan. Applica- 
tions for accommodations here cannot be granted and carriers 
must either seek accommodations in some other part of the har- 
bor or accept facilities which our neighboring ports are willing 
to give practically free of charge. The law of supply and de- 
mand will encourage the railroad companies having extensive 
holdings in New Jersey to reorganize and put to better use their 
valuable frontage to attract commerce which is willing to pay 
high rentals for accommodations in New York Harbor.’’ 

There have been various plans for belt line railroads pro- 
posed, and among them the plan proposed by Mr. Irving T. Bush, 
President of the Bush Terminal Company, is of great interest. 
This plan is described in the above mentioned report as follows: 

‘‘The Bush plan contemplates a general clearing house for 
railroad business to be located on the ‘‘Jersey Flats’’ between 
Greenville and Constable Point; to receive their freight in any 
form or classification, for any railroad or destination, and to 
classify and assemble in a yard located there, freight for any 
railroad or any destination. From this yard a four-track rail- 
road is projected extending back of Newark and the Oranges, 
back of Paterson, and coming near the Hudson River somewhere 
above Tenafly. This railroad is planned to make connections 
with all of the New Jersey railroads back from the congested dis- 
trict, and the railroad itself would constitute a valuable indus- 
trial line. 

‘Under this general plan it would be possible to establish a 
general freight station, for instance on Staten Island, where 
freight could be received for any railroad and for any point on 
any railroad, and this freight could be shipped out each day. 
Similar terminals could be established in all other parts of the 
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harbor and mixed freight delivered at them could be floated to 
this clearing house yard on the ‘‘J ersey Flats’’ for separation 
and classification. In connection with this there could also be 
established a general lighterage service for railroad freight with 
ships and also a land delivery system. The possibilities of such 
a plan as contemplated by Mr. Bush are difficult to appreciate. ’’ 

The map prepared will give some idea of the great number 
of individual terminals and freight yards about New York Har- 
bor and even its cursory inspection would lead one to believe 
that much wasted movement could be saved through a joint ter- 
minal organization and much property now used by individual 
railroads might be saved for more advantageous purposes. 

There is probably no portion in the United States where 
favorably located lands are so much in demand, and a general 
terminal organization in New York will release not only a valu- 
able portion of the water-front, but also lands back from the 
water-front. 


CHICAGO RAILROAD SITUATION. 


Chicago is the terminus of 24 trunk lines, one not being 
open yet for passenger service. 

Several of these have more than one branch. The Chicago 
and Northwestern has four ; the Chicago, Milwaukee and St. Paul, 
the Illinois Central and the Wabash each have two; the New 
York Central and Pennsylvania have two each, under different 
names. Six passenger terminals, each with freight houses ad- 
jacent, accommodate these trunk lines. Two railroads, the Balti- 


‘more & Ohio, Chicago Terminal Railroad and the Chicago and 


Western Indiana Railroad, located almost entirely within the 
city limits, give many of the lines their entrance to freight 
houses and passenger terminals. The former brings four rail- 
roads to the Grand Central Station; the latter brings seven to the 
Dearborn Station and operates a suburban service of its own. All 
depend on the Baltimore and Ohio, Chicago Terminal Railroad 
and Chicago and Western Indiana Railroad to reach their down- 
town freight houses. 

The Union Passenger Station west of the river is used by 
five trunk lines without a terminal railroad. The freight houses 
are within a mile of the station. 
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The Central Station on the lake front at 12th Street accom- 
modates three lines, the freight houses being about 114 miles 
farther in on the lake front near the mouth of the river. 

The La Salle Street Station, with freight houses near by, is 
used by three lines. 

The Chicago and Northwestern occupies a separate terminal 
station, freight houses being located to the north, east and west 
within a mile of the station. 

The accompanying map shows 118 yards of various sizes 
used for freight purposes, of which 26 are receiving or break-up 
yards. This includes the Chicago Clearing Yard, connecting the 
inner two belt lines. In addition, the hatched portion of the map 
shows an area almost covered with smaller yards, freight houses 
and passenger stations belonging to the various lines. 

Freight interchange is effected by means of five belt lines, 
three in or near the city limits, one about 25 or 30 miles out, and 
another, as yet incomplete, a little beyond. There are also about 
a dozen small independent railroads in or near the city which 
perform transfer service. 

The Chicago River, with its many slips and canals, the Calu- 
met River and Indiana Harbor are used as terminals for water- 
borne traffic. The only comprehensive system of interchange of 
rail and water traffic is provided by the Chicago River and In- 
diana Railway. The water-front, except street ends, parks, etce., 
is controlled by railroads, steamship lines, grain, coal and lumber 
companies, ete. 

Belt and Terminal Railroads. 


The Belt Railway of Chicago is the inner line running from’ 


South Chicago to Cragin and connecting with all trunk lines for 
freight transfer. Under the same management is the Chicago 
and Western Indiana Railroad, a line with one branch, operating 
a suburban service and giving seven other railroads entrance to 
the Dearborn Station and neighboring freight houses. The C. & 
W. I. R. R. and Belt Railway has some ten yards, including the 
Chicago Clearing Yard. 

The Indiana Harbor Belt Railroad line is four or five miles 
farther out and also connects all trunk lines. It has a regular 
fast freight schedule. There is a live-stock yard at West Ham- 
mond, an icing yard at Blue Island, a large yard at Gibson, and 
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smaller yards. It is linked with the Belt Railway through the 
Chicago Clearing Yard. 

The Baltimore and Ohio Chicago Terminal Railroad parallels 
the I. H. B. R. R. south of the city, and uses the same line to the 
west, with an extension toward Mayfair from Franklin Park. It 
has branches north and south from Blue Island. The former 
again branches west to Forest Park with a large loop, and east 
to the Grand Central Station, serving the railroads which use 
that terminal. There are some eight yards. 

The Elgin, Johet and Eastern Railway extends from Wau- 
kegan, Wis., through Joliet to Porter, Ind., a distance of 130 
miles, with branches to Aurora, South Wilmington and South 
Chicago. The road is for freight service only, has icing facilities 
at Joliet and docks at Waukegan and South Chicago. It con- 
nects all trunk lines. 

The Chicago, Milwaukee and Gary Railway has a belt line 
which is projected to extend from Milwaukee to Gary. At 
present about 120 miles are operated between Rockford via 
De Kalb and Joliet to Delmar on the Chicago, Terre Haute and 
Southeastern Railway and connect most of the railroads south 
and west of Chicago. 

Independent Connecting Railroads. 

These connect with all lines either directly or by the Belt 
Railways. The Chicago Junction Railroad operates 145 miles 
of track around the stock yards and eastward to the I. C. R. R. 
on the lake-front, connecting with many lines directly. 

The Chicago River and Indiana Railroad furnishes a good 
rail and water transfer system. It has 50 miles of track, in- 
eluding a 500-car yard on the South Fork near the stock yards, 
a water-front terminal warehouse and an 8-car transfer 
barge plying between it and warehouses at Lake and Fulton 
Streets. 

The Chicago Heights Terminal Transfer Co. has 38 miles 
of switching track near Chicago Heights. 

The Chicago and Illinois Western R. R., projected to Joliet, 
operates 17 miles of track between Willow Springs and Haw- 
thorne, connecting with 17 railroads. 

The Pullman Railroad operates 17 miles of track near Pull- 
man and connects directly with seven railroads. 
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The Chicago, West Pullman and Southern Railroad oper- 
ates 28 miles of track about Pullman and Irondale, connecting 
with 13 railroads. 

The Chicago Short Line Co. operates 1514 miles of track 
near South Chicago, connecting with eight railroads directly. 

The Illinois Northern Railway runs from Elsdon to 26th 
Street and Western Avenue, one mile, connecting with sixteen 
railroads. 

The Chicago and Calumet River Railroad operates 314 
miles of track near Hegewisch connecting with eleven railroads. 

The Manufacturers’ Junction Railroad extends along the 
I. C. tracks near Hawthorne, from 16th to 34th Streets, 1144 
miles, and connects with five railroads. 

The Calumet, Hammond and Southeastern Railroad op- 
erates eight miles of track at South Chicago and connects with 
two railroads. 

Freight Tunnels in Business District. 

About 60 miles of tunnels exist under the streets, connect- 
ing directly with warehouses, wholesale establishments, ete., with 
public stations for receiving freight and with the freight houses 
of some of the trunk lines. The cars are small, the service being 
intended as a substitute for trucking. Owing to lack of con- 
nection with a clearing yard or union package freight clearing 
house, the operations at present are confined to incidental 
downtown business. 

~““The Chicago tunnel has several objects, which, if the 
plans of its builders had matured would have made the tunnel 
property today a unique and immensely useful auxiliary trans- 
portation and transmission plant’’. (Arnold Report, p. 103.) 
Trunk Lines. 

These are mentioned after the belt and terminal lines for 
convenience, as many of them depend on the latter for their 
entrance to the city. 

From the east, The Baltimore and Ohio R. R. runs along 
the lake shore, and formerly continued as far as the old I. CG. 
R. R. station near the mouth of the river, using the I< @. Re 
R. tracks. The present entrance over the B. & O. O. T re- 
quires a diversion of seven or eight miles. The old line, now 
a spur, has three yards. There is a freight house at Illinois 
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and Kingsbury Street, and others near the passenger terminal, 
the Grand Central Station. 

The Pere Marquette Railroad comes in over the B. & O. S. 
W. and reaches the Grand Central Station and its freight 
houses by way of South Chicago and 63rd Street. 

The Lake Shore and Michigan Southern Railway, the prin- 
cipal N. Y. C. line to Chicago, is the oldest line from the east 
and has a direct entrance to its terminal, the La Salle Street 
Station, and the freight houses near by. There are eight or 
nine yards. 

The Michigan Central R. R. joins the Illinois Central at 
Kensington, has its passenger terminal with that road at 12th 
Street on the lake-front and its freight houses near the mouth 
of the river. It has a couple of large yards, also, an extension 
to the steel manufacturing district of Joliet west of Chicago. 

The Cleveland, Cincinnati, Chicago and St. Louis Railway 
follows the I. C. R. R. line from Kankakee to Chicago and uses. 
the lake-front station. 

The Pennsylvania main line to Chicago is the Pittsburg, 
Fort Wayne and Chicago Railway, which has a direct entrance 
to the Union Passenger Station. It has four yards. The other 
Pennsylvania line, the Pittsburg, Cincinnati, Chicago and St. 
Louis Railroad (Pan Handle) enters the same station at the 
other end after a detour of three or four miles. It also has four 
yards. The two roads are joined by the two small Pennsylvania 
lines, the Englewood Connecting Railway at 58th Street and 
the South Chicago and Southern, which has several lines 
through the industrial district around the Calumet River. 

The Wabash Railroad has lines from both east and west; 
both reach the Dearborn Station and Wabash freight houses by: 
the C. & W. 1. RB. R. It has two yards. 

The New York, Chicago and St. Louis Railroad (Nickel 
Plate) passing through Hammond, joins the L. 8. & M.S. Rail- 
way at Grand Crossing and follows it to the La Salle St. Ter- 
minal Station, near which it has freight houses. There is one 
large yard. 

The Erie Railroad comes in from Hammond to its freight 
houses and the Dearborn Station over the CO, Ge Walla les,. lle 


has two yards. 


470 RAILWAY TERMINALS 


The Chesapeake and Ohio of Indiana follows the same 
course as the Erie from Hammond, where it has a yard. 

The Grand Trunk Western Railway coming from the east 
enters at the southwest corner of the city and running eastward 
four miles connects with the C. & W.I.R.R. at 47th Street, using 
it to reach its freight houses and the Dearborn Station. It has a 
couple of yards. 

From the south: The Chicago, Indiana and Southern Rail- 
way (N.Y.C.) connects with the L.S. & M.S. Railway at Indiana 
Harbor. 

The Chicago, Indianapolis and Louisville Railway (Monon 
Route) uses the ©. & W.1.R.R. from Hammond to its freight 
houses and the Dearborn Station. It has a couple of yards near 
Hammond. 

The Chicago, Terre Haute and Southeastern Railway has 
not yet established a passenger service but will come into the 
Grand Central Station via the B. & O.C.T.R.R. through Chi- 
eago Heights. 

The Chicago and Eastern Illinois, which has a receiving 
yard south of Dolton, enters from that point over the C. & W. I. 
R. R. and uses the Dearborn Station. The freight houses are 
near it. 

The Illinois Central Railroad has two separate branches 
from the south and west. The southern branch reaches the lake 
shore at 50th Street and continues to 12th Street, its passenger 
terminal, and its freight houses at South Water Street. There 
is a yard between the two, and three yards farther out. This 
line has three branches in the city: one from Kensington to Blue 
Island, one from Kensington to the State line near Hammond 
and one from Brookdale to South Chicago. 

The western branch, with a yard at Hawthorn, joins the 
other line at 16th Street on the lake front. It has a branch to 
Forest Park. 

The Chieago, Rock Island and Pacific Railway, entering 
through Blue Island, connects with the L.S. & M.S. Railway at 
Englewood and follows that line to its freight houses and the 
La Salle Street Station. There are four yards and branches to 
Brainerd Junction and South Chicago. 

The Chicago and Alton Railroad follows the south bank of 
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the Illinois and Michigan Canal and of the South Branch to a 
junction with the P.F.W. & C. Railway, along which it goes 
to its freight houses and the Union Station. It has four yards. 

The Atchison, Topeka and Santa Fe Railway is nearly par- 
allel and close to the C. & A. R. R. It joins the C. & W. I. BR. R. 
at 16th Street and reaches the Dearborn Station and its freight 
houses. It has yards at Corwith and 18th Street. 

The Chicago, Burlington and Quincy Railroad has yards at 
Hawthorn and Western Avenue. It joins the P.F.W. & C. 
Railway at 16th Street, and uses the Union Station. The freight 
houses extend as far west as 16th and Jefferson Streets. 
There is a loop along the south branch of the river, with 
spurs between the many canals or slips on which the lumber 
yards and industries of that district are located. 

The Chicago Great Western Railroad joins the B. & O.C. 
T.R.R. at Forest Park and uses that line to its freight houses 
and the Grand Central Station. Its Chicago transfer yard is on 
the B. & O.C.T.R.R. west of the Belt Railway. 

The Chicago and Northwestern Railway has four branches. 
That from the west, the oldest railroad in Chicago, runs across 
the city and along the north side of the river to its mouth. The 
branches from the northwest and north join at Mayfair and 
Clybourn Junction and meet the first near the new passenger 
station located on an extension to the south. The branches are 
all connected by cross lines in or near the city. There is a very 
large yard at Proviso and seven others. 

The Chicago, Milwaukee and St. Paul has two important 
branches and a short branch. The former join at Pacific June- 
tion and have a cross line to the short branch. There are four 
large yards. The passenger terminal is the Union Station and 
the freight houses are north and west of that station, except one 
at 15th and Jefferson Streets. There are four large yards. 

The Minneapolis, St. Paul and Sault Ste. Marie (Wiscon- 
sin Central) joins the B. & O.C.T.R.R. at Forest Park and 
uses it to the Grand Central Station. It has a large freight 
terminal at 12th and Canal Streets and a yard at Kolze. 

Rail and Water Connections. 

Chicago has three harbors in use, the Chicago River, the 

Calumet River and the Indiana Harbor Canal. In the Chicago 
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River 20 lines of steamers, with 84 vessels, have their terminals. 
Each line has its dock or warehouse for local city freight. 

The vessels go to the Chicago River and Indiana Railroad 
Company’s dock on the South Fork to receive and deliver 
freight carried by the western railroads. There are also two 
lighterage companies, operating three lighters which handled 
about 200,000 tons in 1911. They connect about 25 industries 
having docks on the Chicago River with the railroads. 

Grain Elevators. On the Chicago and Calumet Rivers 23 
of these, with a capacity of 32,300,000 bushels, shipped by 
water in 1911, 78,850,000 bushels, the receipts by water being 
small. 

General Merchandise. A terminal warehouse at the mouth 
of the Chicago River occupies 1350 feet of dock, and handles 
through and local freight by rail, water and lighterage. 

Lumber. Twenty-six companies received 1,475,000 tons by 
water in 1911, with no shipments by water. 16 yards located 
on the river neither receive nor ship by water. 


BUFFALO RAILROAD SITUATION. 


The 15 trunk lines enter in three groups. From the east, 
in a strip 114 miles wide, come the N.Y.C. & H.R.R.R., the West 
Shore R.R., the D.L. & W.R.R., the Erie R.R., and the L.V.R.R. 

From the south, in a strip 14 mile wide, come the LS. & 
M.S.Ry., the N.Y.C. & St.L.R.R., the P.R.R., Buffalo Division, 
the Buffalo, Rochester and Pittsburgh Railway, the Buffalo and 
Susquehanna Railroad, and the Erie Railroad (Buffalo Di- 
vision). 

From Canada on the west, across the International Bridge, 
come the Grand Trunk Railway, the Wabash Railroad and the 
Michigan Central Railroad, over whose tracks the Toronto, 
Hamilton and Buffalo and the Pere Marquette (freight only) 
reach Buffalo. 

The Buffalo and Alleghany Valley Division of the Penn- 
sylvania Railroad enters from the southeast. 

Passenger Terminals, 

There are three: the Union Station is used by 10 lines, 
the N.Y.C. & H.R.R.R., the L.S. & M.S.Ry., the B. & S.R.R., the 
B.R. & P.Ry., the P.R.R., the West Shore R.R., the M.C.R.R., 
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the Grand Trunk Ry.—which also uses the L.V.R.R. Station— 
the D.L. & W.R.R. and the South Buffalo R.R. (passenger ser- 
vice suspended at present). 

The Erie Station is the terminal of the Erie Railroad, Wa- 
bash Railroad and the New York Central and St. Louis Rail- 
road. 

The Lehigh Valley Station accommodates the Lehigh Val- 
ley Railroad and the Grand Trunk Railway. 

North of Buffalo, at North Tonawanda, is a secondary rail- 
road center where the three Niagara Falls branches of the N.Y. 
C. & H.R.R.R., the Erie R.R., and the L.V.R.R., which leave 
their trunk lines in different parts of the district, meet and join 
the Lockport and the B. & T. Branches of the New York 
Central. 

An area measuring about 514 miles by 3 miles in the center 
of Buffalo is free from railroads and is encircled by the New 
York Central Belt Line, connecting all railroads. South of this 
for about 114 miles to Buffalo Creek is a network of yards 
which reaches from the water-front eastward to Lancaster; 
nearly all the large yards and many of the rail and water con- 
nections are here, with extensions along the river and harbor. 
Terminal Railroads. 

The Terminal Railroad of Buffalo, a N.Y.C. line, connects 
the eastern group of Lancaster with the southern group at 
Blasdell. 

The Buffalo Creek Railroad is a switching road operating 
31 miles of track along Buffalo Creek and giving access to an 
important part of the harbor, which extends 214 miles up that 
waterway. 

The Connecting Terminal Railroad is a Pennsylvania line 
to the water-front which has terminal warehouses. 

The South Buffalo Railroad operates 62 miles of track 
south of Buffalo Creek for freight service only at present. 
Rail and Water Connections. 

Grain Elevators. Buffalo has 20 of these, total capacity 
19,300,000 bushels. The transfer capacity from vessels to cars 
is probably 5,000,000 bushels per 24 hours. 

Coal Trestles and Docks. Those of the P.R.R., D.L. & W. 
R.R., L.V.RB.R., B.R. & P.Ry., Erie R.R., Philadelphia and Read- 
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ing Ry., and Williams have a capacity in pockets of 39,500 tons 
and can ship 25,000 tons per day. 

Iron Ore Docks—Inner Harbor Terminals. The Lehigh 
Valley, N.Y.L.E. & W. and Buffalo ore docks receive about 
3,000,000 tons annually. 

Outer Harbor Terminals. The Pennsylvania Railroad and 
Buffalo and Susquehanna docks on their joint canal, with the 
Lackawanna Steel Co.’s canal and docks, handle and store about 
3,000,000 tons of ore per year. 

Lumber. The inner docks on the City Ship Canal and Ohio 
Basin (Barge Canal System) handle about 250,000 tons of lum- 
ber per year. There are other lumber docks on the Erie Basin. 

Package Freight. Terminal warehouses are maintained by 
eleven railroads and steamship companies. 


CLEVELAND RAILROAD SITUATION. 


Cleveland is on a high plateau above Lake Erie and is 
divided into almost equal parts by the Cuyahoga River. The 
river occupies a valley of moderate width, which it crosses four 
times; it is navigable to the city limits. 

The Lake Shore and Michigan Southern Ry. (N.Y.C.) and 
the New York, Chicago and St. Louis R.R. (Nickel Plate) pass 
through the city. The Baltimore and Ohio Railroad, the Erie 
Railroad, the Cleveland, Cincinnati, Chicago and St. Louis Ry. 
(Big Four), the Wheeling and Lake Erie Railroad, and the 
Pennsylvania system have lines terminating there. The roads 
enter radially from all directions on the land side. Four of the 
seven lines have separate passenger terminals—the L. S. & M.S. 
Ry., the P.R.R. and the C.C.C. & St.L.Ry. using the Union 
Station on the lake front. Most of the freight houses are in the 
valley and near the mouth of the river, but some are located 
near the lake front to the eastward. 

The principal belt railroad is the Cleveland Short Line, 
which connects all railroads and has large freight yards. It is 
mostly used for through freight. The Newburgh and South 
Shore Ry. operates 45 miles of track and connects with four 
trunk lines and the belt railroad. It has a small passenger 
business, transfers freight between lines and handles much 
material for steel and wire manufacture. 
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The Cuyahoga Valley Ry. and the River Terminal Ry. are 
small lines connected with ore docks. 

The ‘‘Silver Plate’’ connects the L.S. & M.S.Ry. and the 
P.R.R. with industries near the lake. 

The Lake Erie Terminal Railroad, the Lake Erie and 
Pittsburgh Railroad and the Euclid R.R. are small outlying 
lines. 

Rail and Water Connections. 

There are many water-front terminals with railroad con- 
nections. Of these the P. R. R. owns thirteen, including a very 
large ore dock. It operates three and leases the others to private 
industries, ete. The B. & O.R.R. owns seven—five of which are 
leased to others and two are operated by itself. The Erie R.R. 
owns five, of which it operates three and leases two to private 
concerns. The W. & L.E.R.R. owns one, leased. The C.C.C. & 
St.L.Ry. owns four, all leased to private concerns. Steamship 
companies operate two of which one is leased from the C.C.C. & 
St.L.Ry. and the other is owned. The City of Cleveland owns 
two, both leased. There are also seventeen privately owned and 
operated water-front terminals with railroad connections. 

Improvements Under Way. The city has filled 53 acres 
on the lake-front to be used for a Union Station and yards. 
Work is progressing on the straightening of the river to make 
room for freight yards. The City Council has voted on a fill for 
the lake-front for piers and yards, a tunnel to connect this with 
the railroads, and the vacation of streets for a large, high-level 
yard near the middle of the city. 


ST. LOUIS RAILROAD SITUATION. 


The trunk lines entering St. Louis are 20 in number. All 
use the Union Passenger Station, those from the west connect- 
ing with the Terminal Association tracks a short distance west 
of the station and those from the east using the Eads Bridge 
and the tunnel, both belonging to the Association. 

The railroads which have lines on both sides of the river 
are: 

Chicago, Burlington & Quincy R.R. 

St. Louis, Iron Mountain & Southern Ry. 

Wabash R.R. 
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The railroads having lines terminating at East St. Louis 
are: 

Baltimore & Ohio, Southwestern R.R. 

Chicago and Alton R.R. 

Chicago & Eastern Illinois R.R. (with C.C.Ch& St.2,): 

Chicago, Peoria & St. Louis R.R. 

Cleveland, Cincinnati, Chicago & St. Louis Ry. 

Illinois Central R.R. 

Louisville & Nashville R.R. 

Louisville, Henderson and St. Louis Ry. (with L. & N. 

RIB): 

Mobile and Ohio R.R. 

Southern Ry. 

St. Louis, Southwestern Ry. (with Iron Mountain). 

Toledo, St. Louis & Western R.R. 

Vandalia R.R. (Pennsylvania system). 


The lines from the west: 


Chicago, Rock Island & Pacifie Ry. 

St. Louis & San Francisco R.R. (Frisco). 

Missouri, Kansas & Texas Ry. (with C.B. & Q.R.R.). 
Missouri Pacifie Ry. 


The Terminal Railroad Association of St. Louis and its 
associated lines have an extensive system of transfer railways 
for freight and passenger service. The Terminal Railroad Asso- 
ciation operates the Union Station, Eads Bridge, St. Louis and 
East St. Louis Terminals. The associated companies are the 
St. Louis Merchants’ Bridge Terminal Ry. Co., operating the 
Merchants’ Bridge and terminals at St. Louis, Madison and 
Granite City; the Wiggins Ferry Co., operating the St. Louis 
Transfer Ry. and East St. Louis Connecting Ry. with car ferries 
and wagon ferries, and the Interstate Car Transfer Co. operat- 
ing car ferries for carload freight. 


Smaller lines about the city are: 
The Manufacturers Ry. Co., with 21 miles of track near 


the water-front in the southern part of the city, connecting 


with the Iron Mountain and Belt Railroads and performing a 
transfer service. 
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The Municipal Railroad is owned by the City and operated 
by the Waterworks Department. It extends about 71% miles 
parallel to the river in the northern portion of the city. Though 
now little used, it is considered of great importance as part of 
a future municipal transfer railroad made possible by expiring 
franchises. 

On the East St. Louis side, the St. Louis & O’Fallon Ry. 
has 8.7 miles of line, and connects with the belt and two trunk 
lines. 

The St. Louis, Troy and Eastern is a freight line with 
26 miles of track, making connections at Edwardsville, For- 
mosa Junction and East St. Louis with four lines and the belt 
line. 

The Illinois Terminal Railroad (outside the limits of the 
map) has a line 21 miles long acting as a belt from Alton to 
Formosa Junction, crossing and connecting with 13 railroads. 

The Missouri and Illinois Bridge and Belt Railroad has a 
bridge over the Mississippi and 3 miles of track at Alton, 23 
miles above St. Louis. 


Freight Houses and Freight Yards. 

The roads terminating in East St. Louis have a group of 
freight houses and stub-track yards along the river front. 
Across the ends of these runs the transfer line of the Wiggins 
Ferry Co.; the Southern Ry. has larger yards parallel with the 
river. Farther back lie the Nationa! Stock Yards and the large 
railroad yards. 

On the St. Louis side the freight houses are near the river 
north of the bridge. The Burlington has a great yard farther 
north. There is also a group of freight houses around the ter- 
minal tracks leading to the Union Station. The Mo. Pacifie 
and Frisco lines have yards in this vicinity. 

Rail and Water Connections. 

There are fewer of these than in former times. Grain 
elevators on the St. Louis water-front and floating elevators 
are now no longer operated. The same is true of elevated con- 
veyors and inclined tramways for transfer. Tipples for trans- 
ferring coal to barges are used; they are of the ecar-on-end 


dumping type. 
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NEW ORLEANS RAILROAD SITUATION. 
The eleven railroads terminating at New Orleans are: 
East of the Mississippi River: 
Illinois Central R. R. & Yazoo and Mississippi Valley 
R. R. 
Louisiana Railway & Navigation Co. 
Louisiana Southern Ry. (Frisco Lines) 
Louisville & Nashville R. R. 
New Orleans & Northeastern R. R. (Queen & Crescent) 
New Orleans Great Northern R. R. (with Queen & 
Crescent) 
New Orleans, Texas & Mexico R. R. (Frisco Lines) 


West of the Mississippi River : 
Morgan’s Louisiana & Texas R. R. (Southern Pacific 
connection ) 
New Orleans, Southern & Grand Isle Ry. 
Texas & Pacific R. R. 


Of these the New Orleans & Northeastern Railroad, New 
Orleans, Texas & Mexico R. R., New Orleans Great Northern 
R. R. and Louisiana Ry. & Navigation Co. use the passenger 
terminals of the New Orleans Terminal Co. 

The Illinois Central, Morgan’s Louisiana & Texas R. R., 
the Texas & Pacific R. R. and the Yazoo & Mississippi Valley 
R. R. use one terminal. The Louisville and Nashville has its 
own station, as have also the small lines, the Louisiana South- 
ern and the New Orleans Southern and Grand Isle. 

Transfer Railroads. 

The New Orleans Terminal Railroad operates 26 miles of 
main track and 37 miles of side tracks and yards, a passenger 
terminal, a water-front freight terminal and a grain elevator. 
It is not connected with ferry lines nor with the Publie Belt 
Railroad. 

The Illinois Central R. R. has a belt line along a large 
portion of the water-front. 

The public belt line connects the publicly owned wharves 
with the railroads. It extends along the whole river-front. 
The line is owned and operated by the municipality. 
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Rail and Water Connections. 

These are very extensive and efficient. The State owns 
most of the water-front, nearly six miles of public wharves, 
with 344 miles of sheds served by the Public Belt R. R. In 
addition there are the Port Chalmette Terminals of the New 
Orleans Terminal R. R., the Stuyvesant Docks and Southport 
terminals of the Illinois Central R. R. and the Westwego ter- 
minals of the Texas & Pacific R. R. across the river. All of 
these except Southport have grain elevators. At Gretna on the 
west river bank the Southern Pacific has large terminals with 
cargo conveying machinery. Private stevedores have machin- 
ery for unloading bananas, coffee, ete. There are three private 
coal-handling plants. There is no public lighterage system. 

In the preparation of this paper acknowledgement is made 
of the valuable assistance rendered by E. J. Murphy, assistant in 
the office of the Board of Commerce and Navigation, State of New 
Jersey, in the preparation of maps and details; to Mr. Bion J. 
Arnold, Consulting Engineer, for details concerning the situa- 
tion in Chicago; to Mr. Harry C. Gahn, for information con- 
cerning the situation in Cleveland; to Mr. James F. Coleman, 
Consulting Engineer, for information concerning the situation 
in New Orleans; to Mr. G. H. Kimball, Consulting Engineer, 
for information concerning the situation at Buffalo; to Mr. 
Charles C. Butts, Prin. Ass’t Engineer, Department of Public 
Utilities, City of St. Louis, for information concerning the situ- 
ation at that city; and Mr. A. J. County, Special Assistant to 
the President of the Pennsylvania Railroad Co., for informa- 
tion concerning the situation at New York. 

Certain statistics and information in this paper are taken 
from House of Representatives Document—63rd Congress, 1st 
Session, Document No. 226, entitled ‘‘Water Terminal and 
Transfer Facilities’’. 
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New York Harbor Railroad Map. ‘ 


Baltimore & Ohio R.R. 

Cranford Yard—Receives and delivers C.R.R. of N.J. & L.V.R.R. 
freight. 

Arlington Yard—Classification. 

St. George Yard—Delivery for New York freight. 

Wallabout Basin—Freight Pier. 

Pier 7, North River, Freight Pier. 

Piers 21 and 22, North River, Freight Piers. 

Terminal Building, 27th St. 

Freight Pier, King St. 

Freight Pier, Baltic St. 

Freight House, Joralemon St. 

Freight Pier, Bridge St. 

Central R.R. of New Jersey. 
Elizabeth Yard—used also for Perth Amboy freight. 
Holding Yard for Newark. 

Passenger and Classification yard car float, transfer, lighterage to 
INE q 

Bayonne Yard—Ooal and Mdse. 

Yard for coal shipments, Elizabethport Docks. 

Bronx Yard—car float termina] 

Freight Piers 10 and 11, North River. 

Freight Pier 39, North River. 

Hamburg Place, yard delivery. 

Plank Road, yard delivery. 

River St. freight station. 

Alling St. yard. 

South St. yard. 3 

South Broad St. yard. 

Delaware, Lackawanna & Western R.R. 

Passenger Terminal—small freight yard. 

Import and N. Y. Transfer Yard. ; 

Export, Heavy Material, Holding Yard for N. Y. 

Secaucus Yard—General freight west bound, gravity coal classifica- 
tion east bound. 

Harrison Yard—Newark & Orange Freight. 

Nesbitt St. Freight Yard—fed from Harrison Yard. 

Broad St. Freight Yard—fed from Harrison Yard. 

Freight Pier 13, North River. 

Freight Pier 41, North River. 

Freight Pier 68, North River. 

Freight Pier 80, North River. 

Freight Pier 26, East River. 

Harlem Transfer. 
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Brooklyn Freight House. 
Wallabout Freight Pier. 
Erie R. R. 
N.Y.S. & W, Terminal—coal delivery. 
Weehawken Yard, holding and lighterage for New York. 
Passenger Yard—transfer, lighterage, grain elevator. 
Coach Yard. 
Main Yard—classification—engine terminal. 
Coalburg—east bound—coal empties from N.Y.S. & W. Terminal. 
Little Ferry—General freight yard N.Y.S. & W. Interchange with 
W.S.R.R. 
General freight yard for Newark. 
Harrison—stock yards. 
Athenia—cattle quarantine. 
Freight Pier 21, North River. 
Freight Pier 39, North River. 
Freight yard, W. 28th St., Manhattan. 
Freight Pier 80, North River. 
Freight Pier 89, North River. 
Freight Pier 121, North River. 
Harlem Terminal, Park Av. and 135th St., Manhattan. 
Freight Pier 7, East River. 


Lehigh Valley R.R. 
Jersey City Terminal—transfer and lighterage to N. Y. 
National Stores—warehouses, grain elevator. 
Public Delivery Yard, 27th St., Manhattan. 
Public Delivery Yard and Freight Pier, 149th St. 
Publie Delivery Yard, E. 124th St., Manhattan. 
Slaughter house and freight station, E. 43rd St. 
Freight Pier 44, East River. 
Freight Pier 5, Wallabout Basin. 
Freight Pier 3, North River. 
Freight Pier 34, North River. 
Grand St. freight yard, Jersey City. 
Greenville freight yard, Jersey City. 
Oak Island Yards and transfer. 
Hamburg Place freight station, Newark. 
Poinier St. freight yard, Newark. 
W. Elizabeth freight yard. 
Irvington freight yard. 
South Plainfield freight yard. 
Perth Amboy freight yard. 
Perth Amboy freight and coal piers. 
New York Central & Hudson River R.R. 
West Shore Yard—passenger terminal classification, lighterage and 
transfer to New York, grain elevator. 
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144th St. Docks. 

60th St. Yard classification, transfer bridges, lighterage, stock yards, 
grain elevator. : 

30th St. Yard—Piers, teamtracks, milk yard, market facilities, 
freight houses. 

42nd St. Ferry, 43rd St. Freight Pier. 

Freight Pier 31, North River. 

Freight Pier 23, North River. 

Freight Pier 16 and 17, North River. 

Freight Pier 4, East River. 

Freight Pier 34, East River. 

St. Johns Park, freight house, track delivery. 

Wallabout Basin, freight house. 

Port Morris Yard,-piers, transfer to N.Y.N.H. & H., power house. 

Mott Haven Yard—passenger cars—small freight yard. 

New Durham Yard—classification—principal holding yard. 

Hoboken freight house. 

Newark Av. freight yard, Jersey City. 


New York, New Haven & Hartford R.R. 


Harlem River Yard—lighterage, transfer bridges, local freight house, 
L.C.L. & bulk, produce house, with stalls, transfer between har- 
bor lines, 

Oak Point Yard—ear float, transfer eastbound and westbound—20% 
of eastbound classification here. 

West Chester Yard—Classification of 80% of eastbound freight— 
L.C.L. transfer platform. 

Van Nest Yard—storage and empties. 

Freight Pier 39, East River. 

Freight Pier 45, East River. 

Freight Pier 50, East River. 

Freight Pier 70, East River. 

Freight Pier Foot of N. First St., Greenpoint. 


Pennsylvania R.R. 


Hudson St. Branch, local industries. 

Freight Piers 1, 3, 4 and 5, North River. 

Freight Piers 27, 28 and 29, North River. 

Freight Piers 77 and 78, North River. 

Freight Piers N. 4th and N..5th Sts., Brooklyn. 

Freight Piers 2, Wallabout Basin. 

Freight Piers at 125th St. and Harlem River, Naihatten; lighterage. 

Sunnyside Passenger Yard. 

Waverly Yard—Jersey City and New York freight classification, 
transfer, L.C.L. delivery. 

Greenville Yard—through yard, classification of New England freight. 

Meadows Yard, classification for Harsimus Cove yard. 
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116 Harsimus Cove Yard—transfer bridges, lighterage, local freight, 
Jersey City, stock yards. 
117 ‘Jersey City Yard—Passenger terminal, transfer bridges, team tracks. 
118 Bay Ridge Terminal. 
119 South Amboy coal piers. 
Philadelphia & Reading R.R. 
120 Port Reading Terminal. 


Chicago Railroad Map. 


Location of Down-Town Freight Houses. 


C.G.W.R.R., Inbound and Outbound. 

B. & O.R.R., Inbound and Outbound. 
C.R.I. & P.Ry., Inbound and Outbound. 
L.S. & M.S.Ry., Inbound and Outbound. 
N.Y.C. & St.L.R.R., Inbound and Outbound. 
Erie R.R., Inbound and Outbound. 
G.T.W.Ry., Inbound. 

Wabash R.R., Outbound. 

C.I. & L.Ry., Inbound and Outbound. 
C. & E.I.R.R., Inbound and Outbound. 
Wabash R.R., Inbound. 

G.T.W.Ry., Inbound and Outbound. 
A.T. & S.F.Ry., Outbound. 

A.T. & S.F.Ry., Inbound. 

C.B. & Q.R.R., Inbound and Outbound. 
C.B. & Q.R.R., Inbound and Outbound. 
C. & N.W.R., Outbound. 

C.M. & St.P.R.R., Outbound. 

M.St.P. & S.S.M.Ry., Inbound and Outbound, 
B. & O.R.R., Inbound and Outbound. 

C. & A.R.R., Inbound and Outbound. 
C.B. & Q.R.R., Inbound and Outbound. 
C.M. & St.P.R.R., Inbound. 

C.M. & St.P.R.R., Inbound. 

C.M. & St.P.R.R., Outbound. 

O.M. & St.P.R.R., Outbound. 

C. & N.W.Ry., Inbound. 

C. & N.W.Ry., Inbound. 

C. & N.W.Ry., Outbound. 

C. & N.W.Ry., Outbound. 

I.C.R.R., Inbound and Outbound. 
M.C.R.R., Inbound and Outbound. 
P.M.R.R., Inbound and Outbound. 
P.C.C. & St.L.Ry., Inbound. 

P.C.C. & St.L.Ry., Inbound. 
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P.C.C. & St.L.Ry., Outbound. 
P.F.W. & C.Ry., Inbound. 
P.F.W. & C.Ry., Inbound. 
P.F.W. & C.Ry., Outbound. 
P.E.W. & C.Ry., Outbound. 


Location of Passenger Terminals. 


Dearborn Station, terminus of 
Atchison, Topeka & Santa Fe Ry. 
Chesapeake & Ohio Ry. of Indiana. 
Chicago & Eastern Illinois R.R. 
Chicago & Western Indiana R.R. 
Chicago, Indianapolis & Louisville R.R. 
Erie R.R. 
Grand Trunk Western Ry. 
Wabash R.R. 
Grand Central Station, terminus of 
Baltimore & Ohio Southwestern R.R. 
Chicago Great Western R.R. 
Minneapolis, St. Paul & Sault Ste. Marie Ry. 
Pere Marquette R.R. 
Union Passenger Station, terminus of 
Chicago & Alton R.R. 
Chicago, Burlington & Quincy R.R. 
Chicago, Milwaukee & St. Paul R.R. 
Pittsburgh, Fort Wayne & Chicago Ry. 
Pennsylvania System. | Pietsborh Cincinnati, Chicago & St. 
Louis R.R. 
Central Station, terminus of 
Illinois Central R.R. 
Michigan Central R.R. 
Cleveland, Cincinnati, Chicago & St. Louis Ry. 
La Salle St. Station, terminus of 
Lake Shore and Michigan Southern Ry. (N.Y.C.) 
New York, Chicago & St. Louis R.R. 
Chicago, Rock Island & Pacific Ry. 
Chicago & Northwestern Station, terminus of 
Chicago & Northwestern Ry. 


Cleveland Railroad Map. 
Baltimore & Ohio R.R. 
Columbus Road Freight Station, Inbound and Outbound 
Lake Dock. 
Lake Warehouse. 
Seneca St. Freight House, Outbound. 


South Brooklyn Passenger and Freight Station, Inbound and Out- 
bound. 


26 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 


25 
38 
39 
40 


41 
42 
43 
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Willow Passenger and Freight station, Outbound and Inbound. 
Seneca St. Dock. 

Brooklyn Team Tracks. 

Factory St. Team Tracks. 

Merwin St. Team Tracks. 

Newburgh Freight Station. 

Brooklyn Passenger and Freight Station, Inbound and Outbound. 
Passenger Station, Cleveland. 

Parma Station. 


Cleveland, Cincinnati, Chicago & St. Louis Ry. 
Central Flats Freight Station, Outbound. 
Front St. Freight Station, Inbound. 
Oil Freight Station, Outbound. 
Linndale Passenger and Freight Station, with team track. 
Spring St. Team Track. 
Central Flats Team Track. 
Gordon Avenue Team Tracks. 
Scott Team Tracks, Inbound. 
Swiss St. Team Tracks 
Wall Team Tracks. 
West 41st St. Team Tracks. 
Union Passenger Station. 


Cleveland Short Line. 
Schaaf Road Team Tracks. 


Erie B.R. 
Passenger Station (with 0.C.C. & St.L.Ry.). 
Coal Unloader. 
Dock, Elm St. Freight Station, Lake Transfer Station. 
Newburgh Freight and Passenger Station. 
Seranton Road Freight Station, Lumber Dock. 
Willson Avenue Passenger Station and Freight Station. 
Ore Docks. 
Broadway Team Tracks. 


Columbus Road Team Tracks. 


Forest Street Team Tracks. 
River Bed Team Tracks. 


Lake Shore and Michigan Southern Ry. 

Union Passenger Station. 

Central Way Freight Station, Outbound. 

Detroit Av. Freight Station, Inbound and Outbound. 

E, 105th St. Passenger Station and Freight Station, Inbound and 
Outbound. 1 

Front St. Freight Station, Inbound. 

Pier Freight Station, Inbound. ‘e 

Pier Freight Station, Outbound. 
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Wason St. Freight Station, Outbound. 

Wason St. Freight Station, Inbound. 

West Park Passenger Station and Freight Station. 
Ice House. 

Collingwood Passenger and Freight Station. 
Davenport Av. Team Tracks. 

East 67th St. Team Tracks. 

Willow St. Team Tracks. 


Newburgh & South Shore Ry. 
Broadway Passenger Station and Team Tracks. 
Cleveland Passenger Station. 
Cuyahoga Avy. Passenger Station. 
East 71st St. Passenger Station and Team Tracks. 
Campbell Road Team Tracks. 
East 91st St. Team Tracks. 
Harvard Ay. Team Tracks. 
Independence Road Team Tracks. 
Seneca St. Team Tracks. 


New York, Chicago & St. Louis Ry. 
East 9th St. Freight Station, Inbound and Outbound. 
East 79th St. Station, Inbound and Outbound. 
West 25th St. Freight Station, Inhound and Outbound. 
Broadway Passenger Station. 
Euclid Av. Passenger Station. 
W. 25th St. Passenger Station. 
Crosby Av. Team Tracks. 
East 89th St. Team Tracks. 
Ivanhoe Road Team Tracks. 
Mayfield Team Tracks. 
Pear Av. Team Tracks. 
West 42nd St. Team Tracks. 
West 110th St. Team Tracks. 
Pennsylvania R.R. 
Union Passenger Station. 
Cleveland Freight Station, Inbound and Outbound. 
Pier and Lake Freight Station, Inbound and Outbound. 
Pier No. 1, Freight Station, Inbound and Outbound. 


Piers No. 2 and 3, Freight Station, Inbound and Outbound. 


Euclid Ay. Freight Station, Inbound and Outbound. 
Newburgh Freight Station, Inbound and Outbound. 
Wason St. Freight Station, Inbound and Outbound. 
Woodland Av. Freight Station, Inbound and Outbound. 
Euclid Av. Passenger Station. 

Newburgh Passenger Station. 

Woodland Ay. Passenger Station. 

Keiper St. Team Track. 
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Wheeling and Lake Erie R.R. 
85 Coal Dock. 
86 Commercial Road Freight Station, Inbound. 
87 Commercial Road Freight Station, Outbound. 
88 East 93rd St. Passenger and Freight Station, Inbound and Outbound. 
89 Broadway Passenger Station. 
90 Miies Av. Passenger Station. 
91 Ontario St. Passenger Station. 
92 Ore Dock. 
93 Broadway Team Tracks. 
94 Brooklyn Team Tracks. 
95 Jones Road Team Track. 
96 Ridge Road Team Track. 
97 West 3rd St. Team Track. 


Steamship Lines. 

98 Anchor Line. 
Canadian Lake Line. 

99 Detroit and Cleveland Navigation Co. 
100 Inland Line, Ltd. 
100 Merchants’ Montreal Line. 
98 Mutual Transit Co. 
98 Northern Steamship Co. 
100 Star Cole Lines. 


DISCUSSION 


Mr. J. Spencer Smith* (by letter) expressed the belief that Mr. Mr. 
Cresson has pointed out what is the crux in the railroad situation of the S™ith. 
United States when he refers to the regulation of rates between points by 
the Interstate Commerce Commission and the freedom given to railroads in 
competing with one another at terminal points, 

The writer takes it for granted that the reason the Interstate Commerce 
Commission has been given the power to regulate rates is so that the best 
interests of the country may be served, as well as that the stockholders of 
the railroads may receive protection from ruinous competition. 

He believes it to be very generally accepted today that railroads are 
quasi-public institutions and that their primary interest is to serve the 
people as a whole. If this is the case, then it seems that it would be in 
line with the Interstate Commerce Commission’s duties if they were to 
compel the railroads serving large centers to form terminal operating 
companies which would handle the business of the roads terminating at 
these centers. A striking example of how the Union Operating Company 
promotes the commercial welfare of a community is shown in Montreal. 

Not many years ago the railroads terminating in Montreal did their own 
switching and each one handled its own business; whereas today, so far 
as the business of the port of Montreal is concerned, the railroads turn 


* President, Board of Commerce and Navigation, State of New Jersey. 
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over their business to the Harbor Commission and the Harbor Commission 
in turn operates the terminal railroad. This arrangement has proved to be 
most satisfactory to the shippers as well as the railroad companies. 


Mr. Calvin Tomkins,* Assoc. Am. Soc. C. E. (by letter), said that 
Mr. B. F. Cresson’s interesting experience as port engineer alternately in 
the service of New York City and the State of New Jersey, situated as 
they are on both sides of the great international port of New York, pecu- 
liarly qualifies him to discuss the problem of railway terminals. Nowhere 
is this problem more complicated or urgent than at the principal port of 
the country. 

Mr. Cresson has very clearly stated in his text and shown graphically 
by the maps which accompany it the universality of the principle that the 
railroads which converge at a city should be fused into one connected, 
administrative terminal unit, so that every factory and warehouse in any 
part of the city shall have ready access to all routes leading to and from 
it. If the city is also a port, the marine traffic should be articulated with 
the rail traffic at the water front through the instrumentality of a mar- 
ginal railroad behind the docks, over which traffic should move with as 
little obstruction as does the water-borne traffic in front of the docks. 

The cities have heretofore neglected their terminal responsibilities, and 
especially is this true of the ports. The railroads were originally obliged 
to create their own terminals, and incidentally terminal abuses crept in. 
The resulting unrelated, private and unsocial terminal systems are breaking 
down as a consequence of their inherent defects, and the problem which 
now arises is not so much that of physical organization—since the general 
principles involved are common to most cities, as Mr. Cresson has shown— 
but rather to determine how the railroads can let go and the public take 
hold without prejudice to the fundamental interests of either, or of the 
shippers and receivers of freight. 

Mr. James J. Hill has truly said that the railroad system of the country 
is breaking down at its constricted outgrown city terminals. When the 
war stops and general business revives, the need for a change of policy 


involving the substitution of co-operation for competition will quickly 
become obvious. 


Mr. Riley Williams} (by letter) said that there are no features of the 
many functions of the modern railroad so vitally essential to successful 
management as adequate and scientifically planned terminals combined 
with competent and efficient terminal supervision. 

In the past the lack of provision for the expansion of existing terminals 
has resulted in a serious burden to the majority of our American railroads ; 
and while the railroads of this country are laboring under difficulties at prac- 
tically all important terminal points, the situation seems most accentuated 
and serious at points along the Atlantic seaboard. 


* New York City, N. Y. 


j Formerly Terminal and Lighterage Agent for the Delaware & Lackawanna 
Railroad Company at the Port of New York. 
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At no other locality have conditions become so acute as at the port of 
New York. There terminal facilities have been provided looking to the 
requirements of each individual road only, and without any regard to some 
general and comprehensive plan of port and terminal development looking 
toward the growing necessities of the port considered as a whole. 

There are nine trunk lines reaching the port of New York from the 
South and from the West passing in and out through the New Jersey gate- 
way. The freight brought to and taken from the port of New York by 
these nine trunk lines aggregates more than 35,000,000 tons per annum. 
The major part of this vast tonnage breaks bulk on the Jersey side of the 
Hudson River, and, consequently, must be carried to ultimate destination 
for points in the harbor by means of water transportation. 

This method of joint rail and water terminal distribution, which in no 
small measure is subject to weather conditions and to the limitations of 
floating equipment, is, naturally, more or less ‘‘sluggish’’ in movement, 
and highly expensive, necessitating, as it does, several handlings of the 
cargo itself, to say nothing of the numerous and complicated yard move- 
ments entailed in effecting deliveries from rail to water carriers, and vice 
versa. 

In this confused terminal situation there are approximately seventy 
railroad stations scattered in and about New York, Brooklyn, Staten 
Island and New Jersey. Practically all of these stations are dependent 
on water transportation from and to rail terminals. 

There are, approximately, seventy-five steamship lines with regular 
sailings, to which freight must be delivered subject to ‘‘holding periods’’ 
(ranging from 5 to 60 days, as per current rules) in yards and on piers 
on the New Jersey side of the Hudson River, thus unquestionably creat- 
ing the most costly and confused aggregation of dissimilar units of ter- 
minal operation to be found any place on this continent; indeed, there 
is no other point where the railroads perform the amount of unremunera- 
tive service that they do at the port of New York. This latter, however, 
has not been entirely due to the prevailing physical conditions. In no 
small degree it has been the result of competition between the rail car- 
riers, dating back many years; and the practices growing out of such 
competition have now become so firmly intrenched as to make it a diffi- 
cult, if not an impossible, problem to introduce necessary adjustment 
features under the existing supervision of the Interstate Commerce 
Commission. 

Another serious situation existing at the port of New York, unlike any 
other large center throughout the country, is the lack of belt-line railroad 
facilities where traffic ean pass from one line to another, and in some 
instances traffic originating near the port in New Jersey or passing from 
one line to another is carried as far as 80 miles each way inland for in- 
terchange. 

However, there are many very heavy traffic centers throughout the 
United States where the enormous growth of our cities, with their ever- 
widening limits, during the past half century has outstripped the develop- 
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ment of railroad terminal facilities, and property adjacent to the tracks 
has been in such great demand for commercial and industrial purposes, 
and has so increased in value, as to render its use for railroad terminal 
facilities impractical, even where physical conditions are satisfactory. 

Terminal enlargements throughout the country, at best, are now ex- 
tremely expensive, so that it is difficult to justify their cost for a ter- 
minal improvement, and the future development of terminal facilities 
must therefore be provided largely by cheaper operation, cheaper land 
and the development of modern facilities. At each of the large terminals 
there should be provided a system of warehouses where equipment can 
be quickly unloaded on arrival, instead of congesting yards and creating 
heavy terminal expense. 

How can one justify the wisdom of running traffic from Chicago and 
from St. Louis at a speed which will effect an 80-hour delivery at the 
port of New York, and then have this same traffic stand in terminals 
from 10 to 60 days, congesting yards, to say nothing of the loss in time 
to equipment? 

Our commercial development for the past 25 years has been phenome- 
nal; it will continue and the situation thus created must be met by pro- 
viding better and more scientific terminal facilities. During these 25 
years, generally speaking, terminal facilities have only been added as 
they were actually required, by a hand-to-mouth method, while tracks, 
motive power and car equipment have been provided in anticipation of 
the coming needs. American railroads have been developed to a high 
standard of efficiency in every respect, excepting in their terminals, 
which, in many cases, have been sadly neglected, but at no other point 
has the situation become so serious as at the port of New York. 


Paper No. 90 


RECENT LOCOMOTIVE DEVELOPMENT. 


By 


GEORGE R. HENDERSON, Mem. Am. Soc. M. E. 
Consulting Engineer of The Baldwin Locomotive Works 
Philadelphia, Pa. U. S. A. 


Within recent years there have been four distinct lines of 
advancement followed in steam locomotives, which may be 
grouped into size, type, details and adjuncts; and that we may 
better present the effect of the changes for each of these groups, 
they will be taken up separately and discussed in the order 
mentioned. 

SIZE AND TYPES. 


As the first two classifications are so intimately connected, 
it will be advisable to consider them at the same time. The 
important changes which have been brought about in these 
groups, have occurred mostly within the last ten or fifteen 
years. While increase in weight has been going on steadily 
for a long time, in fact, ever since the locomotive was first 
given to the use of man, yet the advances in this direction 
were gradual, and it is only recently that really enormous 
locomotives have been constructed, and that the increases in 
size and weight have so rapidly developed into the dimensions 
of the present day. What can be done in the future is still 
in doubt; but with the limits to which rolling stock is now con- 
fined, due to the heights of bridges and tunnels, and the side 
clearances of these and also of station platforms, rock cuts, 
signals, ete., it is hard to see how anything much further can 
be accomplished, except in the direction of length. 

The reason for the great increase in size, which has re- 
cently come about, is not hard to find. The advent of large 
capacity freight cars has resulted in a train that could be 
more easily handled with a large tonnage than was possible 
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in the old cars of smaller capacity, as the operation of the 
prakes depends more upon the length of the train and the 
number of units than the individual braking capacity of each 
car. Instead of thirty tons capacity, which was originally the 
maximum equipment in use about ten years ago, we now have 
cars of fifty tons as a very large proportion of the make-up 
of ordinary freight trains, and even gondolas of one hundred 
tons capacity are being developed and tried. 

In regard to passenger equipment, the introduction of the 
steel car has added very considerably to the weight which must 
be hauled; and besides, the increase in traffic due to the natural 
growth of the population, which has, for the United States, 
amounted to 20% in the last ten years, calls for large additions 
to side tracks, motive power and other provisions for increasing 
movement of persons and freight. 

The fact that a large train can be handled as a rule much 
more cheaply per ton than a small train, calls for efforts in 
this direction, as under the present operating conditions, it is 
essential that every economy be observed in railroad work. 

All this, of course, means that we must have heavier track 
and bridges; but when we are able to increase the length of 
the locomotive at the same time that we increase its weight, 
the strain is much less upon the track and bridges than if the 
increase of load were obtained by varying only the other 
dimensions. That this latter policy has been followed as far 
as possible, is shown by the fact that while a few years ago, 
25 tons was thought to be a large weight on one pair of drivers, 
we now have 30 and 35 tons in the same eases per driving axle. 
This allowance per pound of rail per yard is much greater in 
America than in Europe. 

The lengthening of the locomotive, however, brings about 
a new condition; in the first place, this means the lengthening 
of the boiler so as to require longer flues, combustion chambers, 
long fire boxes and long smoke boxes. The wheel base must 
naturally follow the lengthening of the boiler, and this calls 
for the addition of trailing trucks, where formerly a front 
truck and one set of driving wheels were used. Thus, we have 
the old American 4-4-0 type converted to the Atlantic, or 4-4-2, 
type; the old 10-wheel, or 4-6-0, type converted to the Pacific, 
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or 4-6-2, type and the Consolidation, or 2-8-0, type converted to 
the Mikado, or 2-8-2, type. 

This lengthening of the boiler has an advantage, not for 
increasing the adhesion of the engine, and its ultimate tractive 
force, but for increasing the steaming capacity, whereby a 
ereater tractive force can be maintained at a higher speed, and 
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this is shown in Diagram No. 1, where the available tractive 
force at a given speed, or the available speed at a given tractive 
force, is considerably increased by the adoption of the rear 
truck and the large boiler, which it is possible to use with this 
extended wheel base. 

In the diagram, consider a Consolidation locomotive which, 
at 25 miles per hour, can exert a tractive force of 43% of its 
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starting tractive force. Now, if we have a Mikado engine of 
the same adhesive weight, size of cylinders, ete., but with the 
correspondingly larger boiler, we can exert the same percent- 
age of the total tractive force at 35 miles instead of 25 miles 
per hour, or we can exert 60% of the rated tractive force at 25 
miles per hour instead of 43%. These are shown at the points 
a, ec and b, respectively, on the diagram, and the black area 
covers the portion of the diagram where an increase in either 
the tractive force or the speed or both can be obtaimed, without 
any corresponding decreases either in the speed or tractive force. 

As a forcible example of how these types with trailing 
trucks have come into general use, let us consider some of the 
features of locomotives ordered in 1902 and then in 1913. In 
the first year mentioned, the heaviest Atlantic type had a total 
weight of 178,000 lbs. (81 tonnes), and the heaviest Consoli- 
dation, 270,000 lbs. (122 tonnes). In this year, only 37 Pacific 
type locomotives, the heaviest being 230,000 lbs. (104 tonnes), 
and only 15 Mikados of 285,000 lbs. (130 tonnes) were 
ordered. 

Eleven years later, we find that while the weight of the 
heaviest Consolidation locomotive remained the same, yet the 
heaviest Atlantic type had increased to 240,000 lbs. (109 
tonnes), and that there were actually 431 Pacifie type loco- 
motives ordered, the heaviest weighing 290,000 lbs. (132 
tonnes), and 804 Mikados, the heaviest weighing 344,000 lbs. 
(156 tonnes). This increase in weight and in the number of 
engines of the new types is truly remarkable, and shows what 
the desire for a heavier train load and increased economy will 
effect. In addition, there have been quite a number of 2-10-2 
locomotives built in recent years, with weight greater than the 
Mikado locomotives above mentioned. 

Among the interesting engines with a single pair of cylin- 
ders and a single set of driving mechanism recently constructed, 
may be noted the American, or 4-4-0 type, of the Philadelphia 
& Reading Railway, shown by Figure No. 2 and which has 
120,000 Ibs. (55 tonnes) on driving wheels with a total weight 
of engine and tender of about 157 tons (148 tonnes). The 
eylinders are 21” x 24” (533x609 mm.) and the generating 
heating surface 1517 sq. ft. (141 sq. metres), with 86 sq. ft. 
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Fig. 2. American Type (4-4-0) Locomotive; Phila. & Reading Ry. 
Fig. 3. Atlantic Type (4-4-2) Locomotive; Pennsylvania R. R. 
Fig. 4. Pacific Type (4-6-2) Locomotive; Chesapeake & Ohio Ry. 
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Fig. 5. Pacific Type (4-6-2) Four-Cylinder Balanced Compound; A. T. & S. Sy: 
Fig. 6. Mikado Type (2-8-2) Locomotive; Illinois Central R. RB. 
Fig. 7. 2-10-2 Type Locomotive; Baltimore & Ohio R. R. 
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(8 sq. metres) of grate area to burn anthracite coal. This 
locomotive, as also practically all modern engines of large size, 
is equipped with the Schmidt superheater. 

Figure No. 3 shows the heavy Atlantic type locomotive 
of the Pennsylvania Railroad with 144,000 lbs. (60 tonnes) 
adhesive weight and a total weight of engine and tender of 
about 200 tons (180 tonnes). 

The Pacific, or 4-6-2 type is illustrated by a Chesapeake & 
Ohio locomotive in Figure No. 4, with 180,000 lbs. (82 tonnes) 
on drivers, and a total weight of engine and tender of 221 tons 
(200 tonnes). This engine has nearly 3800 sq. ft. (353 sq. 
metres) of heating surface, in addition to which, the super- 
heater furnishes nearly 900 sq. ft. (84 sq. metres) more. 

Figure No. 5 shows the same general type of engine, but 
provided with four cylinders, making this engine what is 
known as a ‘‘balanced compound’’: the high-pressure cylinders 
being inside the frames, and set with the corresponding sides 
opposite to the cranks of the outside cylinders, thereby dis- 
pensing with a large amount of counterbalance, produce a very 
steady running machine. The cylinders in this case are 1714” 
and 29” x 28” (444 and 736 x 711 mm.) stroke, the steam gen- 
erating surface being about 3450 sq. ft. (820 sq. metres). 

The Mikado, or 2-8-2 type of engine illustrated by Figure 
No. 6 was built for the Illinois Central Railroad, and while not 
the heaviest of this type, illustrates the adaptation of the long 
boiler and wide firebox, made possible by use of the trailing 
truck. 

The 2-10-2 type is shown in Figure No. 7, and represents 
an engine with nearly 340,000 lbs. (154 tonnes) on the driving 
wheels; the total weight of engine and tender being 292 tons 
(265 tonnes). This engine has an exceptionally large boiler 
with nearly 5600 sq. ft. (520 sq. metres) of heating surface and 
over 1300 sq. ft. (120 sq. metres) of superheated surface in 
addition; the cylinders being 30” x 32” (762 x 813 mm.), giving 
a tractive force of 84,000 lbs. (38,000 kilos). 

This probably represents the limit to which we can proceed 
in placing multiple driving axles in one frame, as the restric- 
tions of curvature would be such that where more wheels are 
needed, we must either use an articulated locomotive, or special 
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arrangements in driving axles and rods, which allow the wheels 
to shift laterally and adjust themselves to the curvature of the 
track. 

The type of articulated locomotive most commonly in use 
is that due to M. A. Mallet of Paris, and by means of this 
arrangement we are enabled to apply twelve, sixteen or twenty 
driving wheels to a single locomotive. In this type of loco- 
motive, the boiler is secured rigidly to the rear of the H. P. set 
of cylinders and frames, and the front cylinders and frames 
support the front end of the boiler, but are arranged in a truck, 


SS sy a 


Fig. 8. Articulated frame connection of Mallet Locomotive, showing cast steel 
cylinder saddle, radius bar and frames. 


so that they can swivel and swing cross-wise of the engine at 
the same time, the boiler support having a sliding surface for 
this purpose. The L. P. cylinders are located on the front, or 
swivel section, and therefore it is necessary to transmit only 
receiver pressure through the swivel or flexible pipe, which 
greatly reduces the expense and difficulty in maintaining the 
flexible joints. 

Figure No. 8 shows the method of connecting the frames 
and the receiver pipe at the H. P. cylinder, so that the desired 
amount of flexibility will be obtained, and by placing the ball 
joint of the pipe immediately over the center pin, we secure 
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NORFOLK @  Wesrenn. 


Fig. 9. Mallet Articulated Compound Type (2-6-6-2) Locomotive; Norfolk & 
Western Ry. i 


Fig. 10. Mallet Articulated Compound Type (2-8-8-2) Locomotive; Virginian Ry. 
Fig. 11. Triplex Compound (2-8-8-8-2) Locomotive; Erie R. R. 
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the minimum amount of motion and also practically no exten- 
sion or compression of the receiver pipe, due to the movement 
of the engine in rounding curves. 

This type of engine was originally introduced for heavy 
pusher service, but it became so popular with some companies 
that numbers of them have been put into regular road service 
operating over an entire division. With such an engine, it is 
advisable to have a power reverse gear, as two valve motions 
must be operated by the engineer in reversing the engine. 

Figure No. 9 shows a 2-6-6-2 Mallet locomotive of the Nor- 
folk & Western, with 337,000 lbs. (152 tonnes) adhesive weight 
and 281 tons (255 tonnes) engine and tender. The water heat- 
ing surface is over 5000 sq. ft. (465 sq. metres), with nearly 
1000 sq. ft. (93 sq. metres) superheater surface additional. 

Figure No. 10 shows a 2-8-8-2 locomotive, used on the 
Virginian Railway. This engine has nearly 480,000 lbs. (220 
tonnes) on the driving wheels with a total weight of engine 
and tender of not quite 375 tons (340 tonnes), showing that less 
than two-thirds of the weight of the machine as a whole is 
available for adhesion. 

There has recently been built for the Erie Railroad a loco- 
motive, which is really an extension of the Mallet idea, and was 
proposed by the writer in order to obtain a still greater trac- 
tive force without seriously increasing the length or weight of 
the engine and its tender. This is illustrated in Figure No. 11, 
and it will be seen that it is of the 2-8-8-8-2 type, being a Triplex 
Compound of about 755,000 lbs. (840 tonnes) adhesive weight 
and about 425 tons (3885 tonnes) total for the machine com- 
plete. With this engine, we have 90% of the total weight on 
the drivers, and are able to obtain a tractive force at the cir- 
cumference of the wheels, when starting, of 160,000 lbs. (72,500 
kilos), or, as compared with the 2-10-2 type locomotive shown 
in Figure No. 7, we have practically double the tractive force 
with 45% increase in weight. 

In this locomotive, there are six cylinders, all of the same 
size, that is, 36” in diameter x 32” (914x813 mm.) stroke. 
The middle cylinders, with their frames, are fastened rigidly 
to the boiler, and are operated under high pressure. The ex- 
haust from the high pressure cylinders is taken to the two front 
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low pressure and the two rear low pressure cylinders which, 
with their frames and steam pipes, are flexibly connected simi- 
lar to the Mallet arrangement shown in Figure No. 8, thus 
giving a compound ratio of 2. While the steam from the front 
pair of cylinders passes through the smoke box and stack in 
the usual manner, that from the rear cylinders passes through 
a feed water heater and finally up an escape pipe at the back 
of the tank. There are about 6900 sq. ft. (640 sq. metres) of 
water heating surface and nearly 1600 sq. ft. (150 sq. metres) 
of superheating surface. 


This engine is little longer or heavier than a Mallet of the 
same unit weight on driving wheels with its tender, the dead 
weight of the tender reducing the capacity of the train; in this 
ease, the tender exerts nearly one-half as much tractive force 
as the two sections under the boiler, and so adds to the pulling 
power of the engine, and increases enormously the amount of 
train which can be handled with a single locomotive. While 
this engine has not been in service for a great length of time, 
yet its many advantages seem to point to it as a method of 
operating economy which may, for a while at least, avoid the 
expensive installation of electric locomotives for handling heavy 
freight traffic. 


DETAILS OF CONSTRUCTION. 


Cast steel is probably more closely connected with the de- 
velopment of the large locomotive than any other single item 
entering into its construction, and the possibility of being able 
to obtain large steel castings has taken much work from the 
blacksmith shop, and placed it in the steel foundry. Before 
the success of large steel castings, the main frames of American 
locomotives, for example, were made of hammered iron, en- 
tailing a great deal of heavy work in the blacksmith shop in 
hammering out the different sections and welding them to- 
gether. The almost universal substitution, however, of cast 
steel for forging in locomotive frames and in the various cross 
braces, guide yokes and other parts, which had been formerly 
made of bar iron or steel, forged and finished to suit, has, in a 
great measure, reduced the importance of the blacksmith shop 


502 RECENT LOCOMOTIVE DEVELOPMENT 


in the manufacture of locomotives. This has become true to a 
large extent in connection with front and rear trucks and, as 
an example of the latter, may be illustrated the new trailing 
truck recently introduced by the Pennsylvania Railroad and 
which can be seen very clearly in Figure No. 3, and which is 
largely consiructed of steel castings. 

Alloy steels, and steels submitted to a final heat treatment 
after having been forged in the smith shop, have been intro- 
duced to some extent, more particularly in high speed and 
large locomotives, where it is important to decrease the weight 
of the individual parts. Piston rods and axles have been made 
with a central hole or core running from end to end, which re- 
duces the weight, and assists in the process of heat treatment. 
It is probable that the full benefit of the higher elastic limit 
of such steels has not been taken advantage of, as in many cases 
the working stresses are maintained at the same figures as were 
used for ordinary carbon steel; but there is no doubt that as 
our familiarity with, and our confidence in, special steels in- 
crease, the various parts will be made still hghter by the use 
of higher working fibre stresses, and thus follow along the lines 
of European practice. 

The reduction of weight in the reciprocating parts such as 
pistons, piston rods, cross heads and connecting rods, is of 
great importance on high speed locomotives which have a heavy 
load per driving axle, and by the intelligent introduction of 
proper metals and designs, it is possible to so reduce the effect 
of the counterbalance that a much larger static weight can be 
permitted to operate on rails and bridges of a given weight and 
strength. This is illustrated also in the E-60 locomotive of 
the Pennsylvania Railroad, shown in Figure No. 3, in which 
the weight on two pairs of driving wheels is 133,000 lbs. (60 
tonnes); but as the dynamic augment per wheel, due to the 
counterbalance, at a speed of 70 miles (112 kilom.) per hour is 
less than 30% of the static weight on drivers, the effect on the 
track is not more injurious than many passenger locomotives 
which have considerably less weight per axle. 

The Walschaerts valve gear has almost entirely superseded 
the Stephenson, which was formerly used, particularly in 
America. The reason for this change has been more in order 
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to make the gear accessible, to obviate the eccentrics which had 
reached enormous size due to the large driving axles which 
were necessary, and to give opportunity to provide substantial 
cross braces between the frames, than to improve the motion 
of the valve itself. Other valve gears have also been introduced 
recently, which are really different varieties of the Walschaerts 
or the Hackworth gears, but most of these are radial gears in 
which the lead is constant for varying percentages of cut-off, 
and it is considered by many that the actual motion of the 
valve is not as satisfactory as with the increasing lead due to 
the Stephenson gear... It has been reported, for instance, that 
engines with the Walschaerts valve motion will not start a train 
as rapidly as those fitted with the Stephenson gear; but the 
consequential advantages are so great that it is felt that this 
objection to the motion of the valve can be overlooked. 

Piston valves have become so common that it is hardly 
necessary to dwell upon the fact that they have been almost 
entirely introduced within the last fifteen years. In many lo- 
calities, the cylindrical type of tender is adhered to, one of the 
great features of this style being the ease with which the brake 
rigging and trucks can be inspected. 

When we come to consider the changes that have taken 
place in the boiler, we find that the most notable one is that 
of size, as not only has the diameter increased to 100 in. (2.54 
m.) in some cases, but the flues have also increased in length to 
24 ft. (7.315 m.) and even, in some cases, to 25 ft. (7.620 m.). 
This has naturally led to improved methods of construction, 
such as the one-piece dome, drawn by hydraulic power from a. 
single sheet, the introduction of the combustion chamber and 
several types of fire box with hot air flue, bridge walls, ete. 
Flexible staybolts are also being very generally used, in some 
cases not only in the ‘‘breaking zone’’, but for the complete 
equipment of fire box staybolts. These staybolts are of sev- 
eral different varieties, namely, those in which a portion is 
formed like a ball resting in a socket, others in which there 
is a hinge or knuckle joint in the bolt and still others which are 
formed of laminated sections, in order to permit bending with 
less stress in the bolt material. 
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ADJUNOCTS AND SPECIALTIES. 

The development of the locomotive, in the direction of 
increased weight and size, has brought about the addition of 
a number of special features, the necessity for which, a short 
time ago, would not even have been dreamed of. Many years 
ago, there were a few engines fitted with the power reversing 
mechanism, but these were soon abandoned as unnecessary 
with the small locomotives existing at that time. The articu- 
lated locomotive, however, with its two or three valve gears, 
has caused the return to the power reverse apparatus, and even 
large locomotives with a single set of driving wheels are often 
now so equipped. 

Some of these power reversing mechanisms are operated 
by compressed air and some by steam, and there are different 
methods of locking the piston in place after it has assumed its 
position, as designated and controlled by the hand lever in the 
cab. One method is to use a cylinder of oil, which can pass 
freely from one end of the cylinder to the other when the 
mechanism is in motion, but which is locked by closing the 
ports when the desired position has been assumed. In another 
type, there is no oil cylinder; but any movement of the gear 
from the desired position opens the valve, and brings the pis- 
ton back to the point at which it is intended to rest. Figure 
No. 12 shows such a reverse gear detached from the boiler, and 
these gears are powerful enough to move even the three, or 
rather the six, sets of valve motion used on the Triplex loco- 
motive. 

It is probable that no adjuncts which have been applied 
to the large locomotives have been as valuable as the super- 
heater, which gives an economy in the consumption of coal and 
water, or an increased output, depending upon which is de- 
sired. It is necessary to reduce the steam generating surface 
when the superheater is applied, and if the amount of coal 
burned be reduced in proportion to the reduction in this heat- 
ing surface, there will be a saving of approximately 25% in fuel 
for the same output of work. If it is desired, however, to burn 
the same amount of coal in the fire box as with a non-super- 
heater locomotive of the same size, then the capacity of the en- 
gine will be increased 30% or more, and of course any com- 
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bination between these two values can be obtained. This shows 
at once that we not only get more work out of a pound of coal, 
but that we also save the fireman’s efforts, as it is not neces- 
sary for him to shovel as much fuel into the fire box, for the 
same power, as with the saturated steam locomotive. 

The arrangement of the superheater is so well known that 
it is not necessary to describe it in detail. As a general state- 
ment, it may be said that the superheating surface is in the 
neighborhood of 20% of the generating surface, and that the 
equivalent heating surface has often been taken as the steam 
generating surface plus one and one-half times the area of the 
superheating surface. With the proportions of a type of super- 
heater frequently used, an amount of superheat from 150 to 
250 degrees Fahr. (85 to 140 degrees Cent.) can be obtained 
above the saturated temperature, the corresponding volume of 
steam being increased about 16% for each 100 degrees Fahr. 
(55 degrees Cent.) of superheat. 

With large locomotives, the superheater does not always 
sufficiently relieve the fireman of severe work, as it has been 
demonstrated that an ordinary man cannot keep up, for any 
length of time, a supply of coal in the fire box greater than 
from 5000 to 6000 Ibs. (2300 to 2700 kilos.) per hour. There 
have been several methods introduced for lightening his work, 
such as automatic fire door openers, pneumatic grate shakers 
and coal pushers. The first of these can be seen in Figure No. 
13, and is so arranged that a pressure of the foot when ready 
to throw coal into the fire box causes the door to open by air 
pressure, and the release of the pedal allows the door to close. 

With large fire boxes, the shaking of grates has become 
quite a laborious operation, and steam or air cylinders have 
been substituted for manual labor to operate the grates. The 
movement required by the fireman is practically the same, that 
is, a small lever is operated, but as this controls a valve, the 
steam or air under pressure does the actual work of shaking 
the grate. 

When the fuel in the tender is partly exhausted, it is nec- 
essary for the fireman to go back several steps for each shovel- 
ful. This has, at times, been obviated by placing a second man 
on the tender to pull forward the coal as the supply has been 
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reduced; but the pneumatic coal pusher shown in Figure No. 
14 has obviated the necessity for that labor, and as this device 
is under the control of the fireman, the coal can be pushed for- 
ward whenever it is desirable to decrease the distance from the 
fire door to the coal pile. This apparatus is shown in the 
quiescent and in the active positions for which it is intended 
to do the work. 

Even these devices are not always sufficient, and therefore 
a stoker or mechanical fireman has been developed, which 
actually takes the coal from the tender and deposits it on the 
erate. There are two principal varieties of stokers; one which 
distributes the coal on top of the fire, similar to the usual 
method of hand firing, and the other by which it is fed under- 
neath. Figure No. 13 shows some of the piping and arrange- 
ments of the Street stoker, which is of the former type; but 
many engines have been equipped with the Crawford stoker, 
which pushes the coal forward underneath the burning surface, 
and so gives a partial coking effect before the fuel itself be- 
comes ignited. With such mechanisms, it is possible to deliver 
from five to eight tons of coal per hour, which is greater than 
has so far been found necessary to supply fuel even to the 
largest locomotives. 

Another method of reducing or practically eliminating the 
labor of the fireman, is to burn fuel oil instead of coal, and in 
some localities this has the advantage of also decreasing the 
cost of operation. This method was first introduced in Russia 
in the Caspian district oil fields, and has in this country been 
very largely followed in California and Texas, where the price 
of oil was cheap and the cost of coal excessively high. 

When oil is used as fuel, it is blown into the fire box by 
means of a steam jet which atomizes it to such an extent that 
it burns practically like a gas. With the proper attention, 
steam can be maintained without smoke, except once or twice 
an hour when it is necessary to ‘‘sand’’ the flues, in order to 
clean out the carbon deposits. In addition to the saving in 
cost where oil is cheaper than coal, it has been found possible 
to generate greater quantities of steam in the same fire box, so 
that while we normally assume that each sq. ft. (sq. metre) of 
heating surface in a coal burning locomotive will produce 12 
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lbs. (60 kilos.) of steam per hour, it 1s possible to reach 18 lbs. 
(90 kilos.) of steam per sq. ft. (sq. metre) of heating surface 
per hour in an oil burning locomotive. 

This fuel is ideal for large locomotives, as it requires prac- 
tically no handling, and the quantity can be regulated to a 
nicety ; but on the other hand, in many sections of the country 
the cost will be prohibitive, and if it were used to any great 
extent, the price would no doubt be even further increased, so 


Fig. 13. Piping and arrangement of Street Stoker. 


that it is not likely that it will ever become a competitor of coal 
for general service. 

The burning of coal dust under steam boilers is very at- 
tractive, but has not yet proceeded far enough to state the 
possibilities of satisfactorily using coal dust in a locomotive. 
For heating furnaces and for steel making, it produces ad- 
mirable results, but it will no doubt require considerable ex- 
perimenting before it is satisfactorily burned in a locomotive 
fire box. It probably will be necessary to depart from our con- 
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ventional ideas of locomotive fire box construction in order to 
satisfactorily burn powdered coal; but the field for this is so 
great that we believe it is only a question of time, and that a 
short one, when it will be found to respond satisfactorily to 
locomotive requirements. This, like fuel oil, would reduce the 


sl 


Henderson 


Fig. 14, Pneumatic Coal Pushing Device for Tender. 


labor of the fireman to a very small amount, and it is certainly 
a method that is greatly to be desired, especially with the large 
locomotives now being constructed, and which will, no doubt, 
be constructed during the coming decade. 

The internal combustion engine has been applied to loco- 
motives to a limited extent. With small units in which trans- 
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mission can be treated like an automobile, with change gears 
and chain transmission, the results have been fairly satisfactory, 
but the application to large locomotives, which must generate 
and use from 1000 to 2500 horsepower, is a very difficult prob- 
lem, especially as the tractive force at low speeds must be great 
in order to produce satisfactory traffic characteristics, and much 
experimental work will be necessary before this can be 
accomplished. 
DISCUSSION 


Mr. G. M. Eaton,* Mem. A. I. E. E., said that he had great confidence 
in the future of steel submitted to a final heat treatment; that he looked for 
a great increase in the use of such steel for reciprocating parts; that 
while the present price was high it would decrease with the use of newer 
methods of manufacture. 

Referring to the author’s statement that the use of the 2-8-8-8-2 type 
recently built for the Erie Railroad might result in such operating econ- 
omy as to defer the installation of expensive electric locomotives for 
handling heavy freight, he said that he could not help a feeling of satis- 
faction at this recognition of the electric locomotive. In service electric 
locomotives have solved problems that steam locomotives have failed to 
solve as satisfactorily. 

Hlectrification is expensive, and if some alternative is cheaper, then 
electrification is an expensive luxury. In some eases, sororss, it is be- 
coming an expensive necessity. 

The Mallet locomotive shown in Fig. 9 was replaced by an electric 
locomotive on the Bluefield Division of the Norfolk & Western Railway. 
Three of these Mallet locomotives (840 tons) were used to haul a load of 


3000 tons in winter and 3300 tons in summer up a 2% grade at a speed 


of 7 miles per hour. The same train of 3300 tons is now hauled by two 
electric locomotives (540 tons) up the same grade at 14 miles per hour, 
winter and summer, 

Mr. Howard Stillman,** Mem. Am. Soc. M. E., in response to the 
statement that the Newport News Company was using oil as a fuel success- 
fully without an atomizing device, using 200 lb. per sq. in. pressure, and 
the question whether this could be used on locomotives, said that it was 
a question of the ultimate cost of the power necessary to atomize the oil. 
Oil must be atomized by some power. The Southern Pacific Company used 
steam because of its cheapness and simplicity. 

In response to questions by Mr. Stucki, Mr. Stillman said that his ex- 
perience in attempting to lighten up reciprocating parts by the use of 
alloy steel had been a very expensive one. He did not wish to criticize 


the principle, but the subject was very new and the methods as yet 
somewhat crude. 


* Engr., Railway Division, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
** Engr. of Tests, Southern Pacific Co., San Francisco, Calif. 
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That in utilizing the weight of the tender to increase the tractive 
power, as in the 2-8-8-8-2 type, the cost of the machine was very great, 
and it was a question of whether or not the power developed would pay 
for the cost. Also in the use of the two-unit Mallet type, both units are 
tied up during repair to one unit, and that the net economy must be 
considered. 

That the superheater was all that was claimed for it; it had gotten 
beyond the stage of uncertainty and had come to stay. He could verify 
Mr. Henderson’s figures. 


Mr. F. J. Cole,* Mem. Am. Soc. M. E. (by letter), said that locomotives 
of the weights and power in daily use at the present time would have 
been considered impracticable 15 or 16 years ago. The increase in weight 
and capacity of locomotives in the United States has advanced much 
more rapidly than would have been imagined possible a few years ago. 
This rapid advance is largely due to the improvements which have taken 
place in the strength of track and bridges and to the general use of 
freight cars of 50 tons capacity or over making the economical use of 
such locomotives practicable. 

With the restrictions imposed by the height and width, it was inevita- 
ble that the increase should take place in the third dimension, namely, 
length. Had it not been for the great improvements in appliances which 
have come into general use in recent years, such as superheaters, stokers, 
outside valve gear, ete., it would not be possible at the present time to 
operate such large units. The application of superheaters to locomotives 
has reduced the amount of coal burned, as compared to similar work with 
saturated steam. Mechanical stokers, by increasing the amount of coal 
which may be fed per hour into a locomotive firebox, have done much 
toward promoting the economical use of large locomotives. 

The Mallet articulated locomotive, since the first large one of its type 
was built in this country by the American Locomotive Company for the 
Baltimore & Ohio Railroad in 1904, has been taken up enthusiastically 
by American railroad managers, not only for the economical hauling of 
freights on long, heavy grades, but for road service as well. One large 
road has in general service one hundred 2-6-6-2 class. 

This type of locomotive, as originally designed by Anatole Mallet, was 
intended for narrow-gauge military roads, which could be laid following 
the undulations of the surface of the ground with sharp curvature and the 
minimum amount of grading. The inherent advantages of this type con- 
sist of distribution of power between two engines, flexibility, and greater 
tractive power without increase in individual axle loads. It is adapted 
to the heaviest freight service in the world, and performs satisfactorily 
the exacting requirements of American railroad operation. 

The Mallet is naturally a compound proposition, since the engines are 
generally employed for heavy grades, which if operated with simple 
engines would use steam wastefully on account of the long cut-offs and 


*Qhief Consulting Engineer, American Locomotive Co., Schenectady, N. Y. 
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comparatively short range of expansion. The low-pressure cylinders are 
supplied with steam by means of a swinging receiver pipe provided with 
ball joints at the back end, which with steam of comparatively low pres- 
sure are easily maintained and give no trouble in actual service. In addi- 
tion to this the advantage of dividing the power into two engines is of 
considerable advantage in surmounting heavy grades, for the reason that 
when one engine slips the other will usually hold and keep the slack of 
the train up until the pressure in the receiver increases or decreases; for 
the engines, if they slip at all, are apt to slip alternately, and rarely, if 
ever, at the same time. Furthermore, there is no direct sequence of the 
operation of the cranks on the forward and back engines, thus tending to 
make the power more uniform during one revolution. 

Regarding the triplex compound type, it is probable that the steaming 
capacity is the determining factor in the successful operation in an en- 
gine of this kind. It is possible to conceive of a situation where by rea- 
son of slow speed requirements an engine of this description can be used 
successfully; for instance, in pusher service the amount of horsepower 
really required is much smaller than if the engine were operated in road 
service. Under these conditions, by reason of its much greater tractive 
power, it is possible that an engine of this kind could be operated sue- 
cessfully. 

For general purposes it is, of course, a question whether a boiler of 
sufficient size can be made to supply the increased amount of steam nec- 
essary to operate two additional cylinders, especially when half the steam 
which is ordinarily used for exhaust purposes in producing a vacuum in 
the steam chest is diverted to a feed-water heater and blown out through 
the auxiliary stack at the back of the tank. Mr. Henderson has shown 
how the steaming capacity is improved by using a trailing truck, com- 
paring a 2-8-0 with a 2-8-2 type. The reason, apart from the construction 
permitting a deeper firebox, is that the adhesive weight has become a 
smaller percentage of the total; therefore, the boiler of the 2-8-2 type is 
larger and its capacity for generating steam is greater. Using such a 
large percentage of total weight of engine on the drivers and adding to 
this most of the tender weight, necessarily increases the available ad- 
hesive weight without any increase in boiler capacity; therefore, the 
use of such a design is limited to very slow speeds and relatively small 
horsepower requirements. 

In connection with the general use of the Walschaert valve gear in the 
United States, it is interesting to note that the principal advantages of 
this gear are greater accessibility and, what is much more important, 
lower maintenance cost, the principal maintenance item consisting of an 
occasional renewal of pins and bushings. It is probable that the Stephen- 
son motion, when new, gives a slightly better distribution, in which the 
essential features of a successful gear are naturally obtained without any 
great difficulty. This is of but little actual importance, however. If care 
is taken in designing the Walschaert valve motion, as for instance in 
seeing that at least the same percentage of maximum cut-off is obtained 
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necessary for starting trains easily, and if the lead (which is constant on 
the Walschaert gear) is so adjusted as to be suitable for the service, it 
has been abundantly proved that the Walschaert valve motion will start 
and operate a train as rapidly and as economically as one fitted with the 
Stephenson gear. One of the principal difficulties with Stephenson gear 
was the maintenance and wear of eccentrics, which in many instances was 
so excessive that the motion was very soon distorted and required con- 
stant adjustment and re-setting. On the other hand, many large railroads 
require that the Walschaert gear be fitted up without adjustments, and 
any changes required must be by a blacksmith; that is, it requires up- 
setting or lengthening in a forge before the adjustment can be changed. 

Crude oil burned in a locomotive firebox to generate steam is a very 
wasteful practice compared with the amount required for the same horse- 
power if burned in the cylinders. As yet, no design has been produced 
which will give the steam locomotive’s characteristics of flexibility at ali 
speeds, simplicity, great starting power and economy in construction. 
The problem from an engineering point of view still remains to be solved. 


Mr. 
Cole. 
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This paper will briefly deal with the car equipment used 
by the railroads of the United States of America and Canada. It 
will principally point out the improvements made in this direc- 
tion during the last decade. 

Since practically all the railroads in the United States are 
private roads, and since all but one system in Canada are 
operated by private companies, a healthy competition exists be- 
tween the different lines. However, the rates for all the traffic 
are regulated by the respective governments, hence, the competi- 
tion has mainly centred itself on improvements in the rolling 
stock, and this is the reason why a most phenomenal advance- 
ment in the construction of all cars, passenger as well as 
freight, took place. 

The specific objects in these improvements are numerous 
and may be grouped as follows: 

Safety and comfort of passengers 
Strength and efficiency of construction 
Efficiency in handling freight 
Efficiency in moving trains 

Protection of freight 


Safety and Comfort of Passengers. 

The desire to improve the conditions as to safety and the 
great efforts of various leading roads have brought about an 
evolution hardly dreamed of ten years ago. This was accom- 
plished by the use of steel instead of wood in the construction 
of our passenger train cars, which renders them fireproof from 
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outside and from inside, and in case of a wreck prevents the 
splintering of the material, previously found so disastrous. 
This holds true for all kinds of passenger train cars, Mail, Bag- 
gage and the Pullman sleeping cars included. Regarding com- 
fort, equally as much has been accomplished, and the lighting, 
heating and ventilating systems have been brought up to such 
a state of efficiency as to provide perfect comfort to the 
traveling public. 

Strength and Efficiency of Construction. 

This object has led to the use of steel in the construction 
of freight cars, and has induced a most careful distribution of 
metal so as to get a strong, still least expensive, car. 
Efficiency in Handling Freight. 

Especially in the handling of bulky freight, such as coal, 
ore, cinders, ete., great progress has been made by the various 
roads. With this in view, the respective cars have been made 
self clearing and the door-operating mechanisms designed to 
work quickly and safely. As a striking example may be men- 
tioned the up-to-date ore car, which has been developed to such a 
degree that the loads are dropped and the doors brought back 
in approximately one tenth the time required ten years ago. 
Besides all that, it takes fewer men per car, reducing the cost of 
handling enormously. Aside from this, it naturally increases 
the capacity of the ore docks in the same proportion and allows 
the cars to be in actual service a greater portion of the time. 

Under this heading we may also mention the coal-car un- 
loading machines at the various docks, the special warehouse 
facilities and the Rules of Interchange adopted by the various 
roads, so that a carload shipment can proceed to destination 
without unloading. 

Efficiency in Moving Trains. 

With this point in view, the railroads have increased the 
capacity of their freight cars step by step, so that the 50-ton 
car is no more the latest standard. For heavy compact freight, 
70-ton cars with 6-in. by 11-in. (15.24 x 27.94 em.) journals are 
now being used. This not only lessens train resistance but it 
also makes it possible to reduce the percentage of dead weight 
to paying load. The time for a hundred-ton standard car is 
no doubt fast approaching. 
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For the same reason the tonnage in each train has grad- 
ually been increased, so that a train of one hundred 50-ton loads 
is not uncommon on coal roads. 

Protection of Freight. 

Great efforts have been put forth in this direction. For all 
house cars an absolutely weatherproof construction has been 
considered most essential and has led to a number of improved 
roof constructions. 

The leakage of grain is more and more overcome by proper 
application of the lining and will eventually entirely disappear 
with the use of steel-sheathed cars. 

For perishable freight, such as fruit and vegetables, a 
weather-proof, still thoroughly ventilated car, has been brought 
out by roads engaged in this particular business. 

Many efforts have been made to get a reliable box-car door, 
one that is tight when closed and easily operated, one that will 
not get out of order and cannot be ‘‘picked’’ by intruders. The 
saving effected by these different methods of protecting the 
freight amounts to hundreds of thousands of dollars every year. 


MASTER CAR BUILDERS’ ASSOCIATION. 


It is well known that this great progress is, to a very large 
extent, due to the Master Car Builders’ Association, a mutual 
organization of the railroads on this continent. 


It revises from time to time the rules of interchange, so as 
to expedite the movements of the through traffic; and it estab- 
lishes standard designs and specifications for materials, details 
and constructions which have been thoroughly tried out, and 
the adoption of which is considered beneficial to all. So far the 
following standards have been adopted: 


Adjusting height of couplers, 

Air-brake and train air signal instructions, 

Air-brake appliances, 

Air-brake hose couplings and gaskets, dimensions of, 

Air-brake defect card, 

Air-brake hose gaskets, specifications for, 

Air-brake hose, specifications for, 

Air-brake hose, woven and combination woven and wrapped, 
specifications for, 

Air-brake tests, code of, 
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Air-brakes, general arrangement and details, 
Air-brakes, cleaning and testing of, 
Arch bars, column and journal-box bolts, 
Automatic coupler, 

Automatic coupler, specifications for, 
Axles, design of, 

Axles, steel, specifications for, 

Bolt heads, 

Brake beams, 

Brake chain, 

Brake head, 

Brake-head gage, 

Brake shoe, 

Brake-shoe gage, 

Brake shoes, specifications for, 

Brake staff, height of, 

Brake-statf carrier iron, 

Car sills, uniformity of section of, 
Catalogues, 

Center plates, 

Cleaning and testing air brakes, 

Code of air-brake tests, 

Contour and limit gages for automatic coupler, 
Coupler, automatic, specifications for, 
Coupler butt, 

Coupler shank, 

Coupler head, 

Couplers, height of, 

Coupler yokes, 

Couplings, air-hose, dimensions of, 
Diameter of steel and stecl-tired wheels, 
Distance between backs of flanges, 
Door fixtures, side, 

Drop-test machine, 

Dust guards, dimensions of, 

End for hopper-door operating shaft, 
Flooring, 

Followers, 

Form of wheel tread and flange, 

Front and back coupler stop, 

Gage for worn couplers, 

Gage, limiting outline, for brake beams, 
Gages for coupler and yoke, 

Gaskets, air-hose, dimensions of, 

Guard arm, 

Guard rail and frog wing gage, 

Height of brake staff, 
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Height of couplers, 

Height of couplers, adjustment of, 
Hose, air-brake, specifications for, 
Hose couplings, dimensions of, 

Hose gaskets, dimensions of, 

Hose label, air-brake, 

Journal bearing and wedge gages, 
Journal bearings, 

Journal-box lids, 

Journal-box wedges, 

Journal boxes and contained parts, 
Key slot for coupler butt, 

Knuckle coupler, 

Knuckle pivot pin testing machine, 
Knuckle pivot pin, 

Knuckle pivot pins, specifications for, 
Knuckle throw, 

Knuckles, separate, specifications for, 
Label, air-brake, location of on hose, 
Label for air-brake hose, 

Lettering and marking of cars, 
Lever pin hole gage, 

Limit gages for inspecting second-hand wheels for remounting, 
Lining, 

Loading rules, 

Location of label on air-brake hose, 
Lock lift, 

Lock set, 

Nuts, 

Packing rings, air-hose couplings, 
Pamphlets, 

Passenger-car journal boxes and contained parts, 
Passenger-car pedestals, 

Pedestals, passenger-car, 

Pipe unions, 

Reports, 

Roofing, 

Rules for loading materials, 

Safety appliances, 

Screw threads, 

Side clearance couplers, 

Side-door fixtures, 

Siding, flooring, roofing and lining, 
Signal-lamp socket, 

Sills, car, uniformity of section of, 
Sills, splicing of, 

Spacing between center sills, 
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Spacing between coupler horn and buffer beam, 

Specification paper, 

Specifications and tests of brake beams, 

Specifications for air-brake hose, 

Specifications for automatic couplers, 

Specifications for brake shoes, 

Specifications for knuckle pivot pins, 

Specifications for separate knuckles, 

Specifications for tank cars, 

Specifications for woven and comb. woven and wrapped air- 
brake hose, 

Splicing of sills, 

Square bolt heads, 

Steam and air connections for passenger cars, 

Striking horn, 

Tank cars, specifications for, 

Temporary standard coupler-head, 

Terms and gaging points for wheel and track, 

Testing and cleaning air-brakes, 

Testing machine for knuckle pivot pins, 

Uniformity of section of car sills, 

Wheel-check gage, 

Wheel circumference measure for cast-iron wheels, 

Wheel-defect gage, 

Wheel-flange thickness gage for new wheels, 

Yoke rivets. 


Great care is being exercised that nothing is made standard 
without first being thoroughly tried out for a number of years. 
During this period the prospective standard is listed under 
“Recommended Practice’. At the present time we find the 
following items in this class: 

Air and steam connections for passenger cars, 
Air-brake appliances, 

Air-brakes, general arrangements and details, 
Area of bearing surface of lock on coupler wall, 
Area of lock bearing surface on tail of coupler knuckle, 
Axle drop test, 

Axles, iron, specifications for, 

Bolsters, cast and pressed, gages for, 

Bolsters, cast steel, specifications for, 

Box-car end, design and strength, 

Brake-beam details, 

Branding steel wheels, 

Center sill, minimum design requirements, 
Chain, specifications for, 
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Check chains, 

Circumference measure for steel and steel-tired wheels, 
Classification of cars, 

Collection of salt-water drippings, 

Couplings, steam-hose, specifications for, 

Couplers, uncoupling arrangements for, 

Design and strength of box-car ends, 

Dimensions, inside, of box cars, 

Dimensions, limiting, for cast-steel truck sides, 
Door fixtures, end, 

Electric-train lighting, specifications for, 

End-door fixtures, 

End-door seal records, 

Examination of car inspectors, rules for, 

Fastening for tires, steel-tired wheels, 

Flange and tread, steel and steel-tired wheels, 
Framing for box ears, 

Gage for measuring thickness of rim of steel wheels, 
Gage, plane, for solid steel wheels, 

Gage, rotundity, for solid steel wheels, 

Gages for cast-steel truck sides, 

Gages for cast- and pressed-steel bolsters, 

Gages, limit for round iron, 

Heat-treated knuckle pivot pins, specifications for, 
Height and width of cars, 

Height of floors, refrigerator cars, 

Helical springs, specifications for, 

High-speed foundation brake-gear for pass. service, 
Hose couplings, steam, specifications for, 

Hose, steam, specifications for, 

Ice tanks, refrigerator cars, capacity of, 

Inside dimensions of box ears, 

Inspectors car, rules for examination of, 

Iron bars, wrought, refined, specifications for, 
Knuckle pivot pins, heat-treated, specifications for, 
Limit gages for round iron, 

Limiting dimensions for cast-steel truck sides, 
Lining for outside framed ears, 

Lumber specifications, 

Mounting tires, 

Mounting wheels, 

Pipe, welded, specifications for, 

Placard boards for house ears, 

Plane gage for solid steel wheels, 

Platform safety chains, 

Refined wrought-iron bars, specifications for, 
Rotundity gage for solid steel wheels, 
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Rounding corners of doors, door jambs, ete., of stock cars, 
Rules for examination of car inspectors, 
Safety chains for steel and wooden freight cars, 
Safety chains, temporary, 

Salt-water drippings, collection of, 

Seal records of box car end doors, 

Sizes and dimensions for solid steel wheels, 
Specifications for cast-iron wheels, 
Specifications for cast-steel bolsters, 
Specifications for cast-steel truck sides, 
Specifications for chain, 

Specifications for electric-train lighting, 
Specifications for heat-treated knuckle pivot pins, 
Specifications for helical springs, 
Specifications for iron axles, 

Specifications for lumber, 

Specifications for refined wrought-iron bars, 
Specifications for solid wrought-steel wheels, 
Specifications for welded pipe, 

Springs and spring caps, 

Springs, helical, specifications for, 

Stake pockets, longitudinal spacing of, 

Stake pockets, permanent, 

Stake pockets, temporary, 

Steam and air connections for passenger cars, 
Steam-hose couplings, 

Steam hose, specifications for, 

Steel tires, minimum thickness for, 

Strength and design of ends of box cars, 

Tire fastening for steel-tired wheels, 

Tires, mounting of, 

Tires, steel, minimum thickness of, 

Train lighting, electric, specifications for, 
Tread and flange for steel and steel-tired wheels, 
Truck sides, cast-steel gages for, 

Truck sides, cast-steel, limiting dimensions, 
Truck sides, cast-steel, specifications for, 
Uncoupling arrangements for couplers, 

Welded pipe, specifications for, 

Wheel circumference measure for steel and steel-tired wheels, 
Wheels, cast-iron, designs of, 

Wheels, cast-iron, specifications for, 

Wheels, mounting of, 

Wheels, solid steel, sizes and dimensions for, 
Wheels, solid wrought steel, specifications for, 
Width and height of cars, 

Wrought-iron bars, refined, specifications for. 
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Even after a standard has been adopted as such, the prog- 
ress in this specific item is not entirely checked, and as soon as 
something else has proven to possess sufficient merit, the orig- 
inal standard is revised or dropped. 

For this same reason the railroads as a whole do not favor 
one standard design for each kind of car. It is true, this would 
reduce the first cost considerably and would simplify a great 
many other things, but it also would at once discourage further 
progress, the result of which is, as we know, stagnation. 

A good deal of equipment also runs in special service, the 
conditions of which vary in the different parts of the country, 
hence, the railroads so far have considered it preferable to 
standardize detail parts only. By this they have in view details 
common to all ears, specifications of material, certain cross sec- 
tions of rolled steel, so as to facilitate subsequent repairs, ete., 
and it is this wholesome combination of conservative standard- 
ization and progressive spirit which undoubtedly is responsible 
for the utmost efficiency of our railroads. 


DEVELOPMENT OF SPECIAL PARTS. 


There are a large number of firms and specialists engaged 
in the manufacture and improvement of detail parts which, in 
the aggregate, help greatly in making the rolling stock so effi- 
cient. The car companies themselves come, in a sense, under 
this heading, inasmuch as they make a specialty of building 
cars. They equip themselves with the most improved special 
machinery, and great credit is due them for the development 
of the steel-car designs of today and for the speed and accuracy 
of their work. 

The air-brake companies now have perfected their devices 
so that a train running at sixty miles per hour can be stopped 
within a thousand feet, and the electro-pneumatic brake has 
already established itself on the subway trains and the passen- 
ger equipment of our foremost railroads. We undoubtedly will 
have to look for a similar ultimate solution in the handling of 
our ever increasing freight trains, as only in this way can a 


simultaneous application throughout the whole train be hoped 
for. 
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The coupler manufacturers year by year have improved this 
detail, and the couplers now operate successfully under the 
most unfavorable conditions and without it ever being necessary 
for the operator to go between the cars. All makes are inter- 
changeable with one another as far as the coupling is concerned, 
but the construction varies widely. The M. C. B. Association 
is now working on one standard freight-coupler construction, 
combining the best features of the different existing makes, at 
the same time allowing sufficient surplus strength to take care 
of the future requirements for some time to come. 

In lighting passenger trains, oil, ordinary gas and car- 
buretor systems are fast giving way to electricity. Here three 
methods have been used, namely, a separate steam-driven 
dynamo in the baggage car, storage batteries or an axle-driven 
dyname for each car. The latter is now mostly used, being 
very economical, especially since an overproduction of current 
during the run can be stored up for use in yards and on sidings. 
Acetylene has not been used to any great extent and most likely 
will not be until safer methods of handling it have been devised. 

Many manufacturers make a specialty of body bolsters, 
truck bolsters, truck sides, transoms and sometimes of the com- 
plete truck, which enables them to procure special machines so 
as to manufacture with more speed, more accuracy and less 
cost, at the same time turning out a superior product. Of late 
a great deal of cast steel is being used in the construction of the 
articles mentioned. 

The manufacturers of draft-gears deserve a great deal of 
eredit for their untiring efforts in procuring a device which 
will absorb a large proportion of the shock and which will 
stand the severe service of today. Spring gears have almost 
entirely given way to the friction gears, inasmuch as the 
capacity required is often above 200,000 lbs. 

Many firms have for years worked on the problem of assist- 
ing the truck in swivelling freely on the curves, so as to save 
the wheel flanges, rails and power, and they have in this en- 
deavor brought out frictionless side bearings which, in their 
latest designs, now fully meet this task. 

Brake beams, journal boxes and hundreds of other details 
and adopted standards are now being manufactured by indi- 
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vidual companies, who concentrate their energies in specific 
lines and have equipped their shops especially for such details. 
This way they can produce a better article for less money, and, 
besides that, assist materially in a systematic, quick and effi- 
cient way of building ears. 

The wheels are cast of iron or steel or are rolled or forged 
of medium-high-carbon open-hearth material. By far the great- 
est number are of cast iron, chilled, and by using special mix- 
tures and live material, good results have been obtained even 
under the heavy capacity cars. None the less, the strife for 
utmost safety and the ever increasing severity of the service 
conditions call more and more for rolled or forged wheels. 


PASSENGER-TRAIN CARS. 


Farsighted railroad officials for years have realized the dan- 
ger of wooden passenger equipment, both as to fire and the 
splintering of the timber in wrecks, and they have realized right 
along that the passengers as well as the postal clerks and their 
own employees should be protected. 

With this in view the Erie Railroad, in 1904, had two all- 
steel passenger-train cars built. One was a baggage car as 
shown in Fig. 1, while the other one was for express. The 
underframes consisted of two fish-bellied centre and two light 
side sills, the latter in connection with the eave members and 
the steel side plates formed an effective truss. At the doors 
these top and bottom members were reinforced to compensate 
for cutting the side sheets. The roof was built with the usual 
upper deck and covered with sheet steel, while the lining was 
made of boards. Shortly after the cars went into service, this 
wooden lining was replaced by fireproof composite boards so 
as to make them safer against fire and still to protect them 
against noise and all abnormal temperatures, and in 1907 both 
were converted into postal cars. They have been running in 
that service ever since. 

The next step was taken by the Southern Railway, who, in 
1906, had a lot of special passenger cars built with a view of 
protecting the passengers against collisions. For this reason 
the ear sides below the window sills were made of steel, while 
everything above that line was built of wood, as heretofore, 
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except the posts and carlines, which were bent angle irons. The 
underframe consisted of two pressed and reinforced fish-bellied 
centre sills and the floor of a 14-in. (3.175 mm.) steel plate. On 
top of this sheet were two thin courses of wood with a thin 
layer of paper felt between them, and a final cover of linoleum 
on top of all, making a strong and easy floor. Such a steel con- 
struction below the window sill was used to get a car which 
would be well able to resist shocks in collisions. See Fig. 2 
and Am. Engr. & R. R. Jour., July 1906. 

In the following three cases of all-steel cars, the centre sills 
were made of straight rolled J-beams reinforced by truss rods: 

The Southern Pacific built such a passenger car in the latter 
part of 1906. The roof was made without an upper deck, which 
soon assumed the name of arch-type roof. The outside sheath- 
ing was all-steel and the inside finish was wood. The floor was 
exceptionally strong, consisting of the following materials, be- 
ginning at the bottom: A light steel plate, a layer of mineral 
wool, regular tongue and groove floor boards, a thin steel plate, 
a thin layer of asbestos and 3£-in. (9.525 mm.) linoleum. See 
Am. Ener. & R. R. Jour., January 1907. 

The same road in the forepart of 1907 built a similar all- 
steel postal car. The centre sills again were trussed, the roof an 
arch type, but the lining was now made of asbestos. The floor 
was also changed, consisting of two corrugated steel sheets with 
two layers of hair felt between them and a monolithic cement 
floor laid on top of the upper sheet. See Am. Engr. & R. R. 
Jour., July 1907. 

During the same time the Pullman Company built their 
first steel sleeping car. The centre sills were also trussed and 
the car sides from the windows down were formed of 1,-in. 
(6.35 mm.) steel sheets. In this way a load-carrying girder of 
about 30-in. (.762 m.) depth was obtained. The top chord of 
this girder was a continuous flat bar, extending the whole 
length of the car, with the posts offset to get a smooth outside 
appearance. The bottom chord of this girder consisted of an 
angle-iron side sill. The floor construction was made double, 
the false floor below and the regular corrugated floor sheet in- 
closing a space which was filled with deadening material. The 
top of the corrugated sheet was finally covered with monolithic 
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cement. The lining also being metal and two thicknesses of as- 
bestos board having been inserted between it and the sheathing 
all the way up and from end to end of car rendered it immune 
against fire, noise or weather and made a safe car to resist 
collisions. The name given this first steel sleeper was ‘‘James- 
town’’ and it was exhibited at the Jamestown Exposition. See 
Am. Eng. & R. R. Jour., April 1907. 

After a period of experiments, study and developments, 
the Pennsylvania Railroad Company brought out their present 
standard steel passenger-car design and ordered two hundred of 
them to be built. The first one was completed and put into 
service in 1908. Now more than two thousand are in existence. 

The car combines safety against wrecks and protection 
against noise, heat and cold. It is fireproof from inside and 
from outside, resembles the standard wooden coaches as to 
upper deck, and measures 70 ft. 534 in. (21.482 m.) over the body. 

The underframe consists of two 18-in. (45.72 em.) channels 
with top and bottom cover plates, forming a strong box-girder 
centre construction, which is well able to take the end shocks. 
The side sills are heavy angles, which, in connection with the 
lower sheathing and the continuous belt rail form a strong 
girder about 30 in. (76.2 em.) deep. The belt rail is of a special 
section, so as to have the proper shape to form the window 
sills and to be rivetted to the outside of the sheathing without 
spoiling the appearance of the car. In this way the offsetting 
of the posts is avoided. 

Another specific feature consists in the subdivision of the 
underframe into three nearly equal parts by two deep cross 
bearers, so as to increase the carrying capacity and to reduce 
the deflection of the car as a whole, without the use of addi- 
tional material. With this arrangement the load is carried by 
the side truss to the outside of the deep cross bearers and end 
sills, and through these members to the centre sill, which in turn 
transmits the load to the centre-plate located about half way 
beween end sill and cross bearer. The usual body bolster is 
therefore dispensed with and a light side-bearing support takes 
its place, and the long span with its annoying deflection js 
also overcome, thereby avoiding one source of leaky roofs at the 
eaves. 
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The head lining is of composite board and the side lining 
of thin steel sheets, insulated by pasting asbestos boards to their 
hidden surface. The floor is formed of corrugated steel with 
plastic cement filled in on top. Some distance below, an 
asbestos board supported by a galvanized-steel sheet forms a 
sub-floor. 

The ventilating and heating systems are the same as on 
their standard wooden passenger cars, taking air in at the top 
of the car and bringing it between the two floors along the 
side of the car, where it is heated by steam. The air, with 
doors and windows closed and with the ventilators on the roof 
wide open, can be completely changed in four minutes. 

The whole ear is designed so that it can roll over without 
danger of collapse, and care was taken that the centre line of 
the draft-rigging came within the cross-sectional area of the 
centre sill instead of underneath, as is the practice now on 
wooden cars. See Figs. 3 and 4. 

Actually the same construction and the same size of cars 
are being used by the Pennsylvania Railroad Company for 
their Baggage, Mail and Dining Cars; and whenever side doors 
are required, they are located near the deep cross bearers, 
where the bending moment in the side truss is a minimum. 
In this way no special reinforcements are required to make up 
for the cutting of belt rail and the sheets. 

Their suburban cars are of similar construction but have 
a lighter centre sill and are considerably shorter. The trucks 
and roof constructions are arranged so as to admit electrical 
equipment whenever this method of locomotion is adopted. 

A mail ear of similar construction and built for the Chesa- 
peake & Ohio Railway is shown in Fig. 5. It is of steel through- 
out, except the floor. It has fish-bellied centre sills, a rolled 
channel with flanges downward for the eave member, and the 
belt rail consists of a flat bar on the outside of the steel sheath- 
ing. The interior of the car is made to suit the requirements 
of the Post Office Department and is clearly shown in Fig. 6. 

Since the ‘‘Jamestown’’ sleeping car was built, many im- 
provements have been made by the Pullman Company in their 
present standard sleeping car, as shown in Fig. 7. Fish-belly 
centre sills have taken the place of the trussed sills; Z-bar 
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Fig. 4. Cross Section of Pennsylvania Steel Passenger Car. 
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side sills, 14-in. side sheets and an angle-iron belt rail form 
the side truss; and the interior lining and fixtures are made 
of pressed steel, grained and finished. 

In the beginning of the current year the Erie Railroad had 
a lot of suburban cars built in which the load-carrying side 
truss differs completely from the heretofore adopted forms. It 
is made up of a series of panels, pressed of steel sheets and 
shaped to form a compression member along the eaves, window 


Fig. 6. Interior of Chesapeake & Ohio Mail Car. 


openings, posts between and diagonal braces below, so that in 
connection with a light, continuous channel side sill from end 
to end of car as tension member, the side truss is complete, 
even before the side sheets and the lining are applied. This 
is another way to avoid excessive motion in the roof joints 
along the eaves and forms a deep, efficient truss. This ear has 
twelve such panels on each side, measuring 61 ft. 414 in. 
(18.71 m.) over corner posts, but any number can be used, to 
suit the length of the car desired. Trucks and the roof con- 
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struction will admit electrical equipment. For further details 
see Ry. Age Gaz., June 11, 1915. 

During the past year the Union Pacific has added a large 
number of steel passenger-train cars to its equipment. They 
were of the arch-roof type, practically of steel throughout, ex- 
cept the diners and the Baggage Buffet cars, which had wood 
lining. Otherwise, the designs were substantially alike, con- 
sisting of I-beams for centre sills, angles for floor supports, 
side sills, belt rails, eave members, posts, and using rolled 
channels for carlines. These cars are insulated with three-ply 
hair felt and the floor is built up of three layers of various 
compositions, with galvanized iron at the bottom. The head 
lining is agasote. See Fig. 8. 

On Dee. 31, 1914, according to a statement of the Special 
Committee on Relations of Railway Operation to Legislation, 
there were in service in the United States alone 12,900 steel, 
5700 steel underframe and 43,512 wooden passenger-train cars. 


FLAT CARS. 


The accompanying Figs. 9 and 10 illustrate the typical 
flat car of today. All the sills are of the fish-belly type, pressed 
and reinforced at top and bottom to suit the strength required. 
If less capacity is wanted, the side sills are sometimes made 
straight, preferably of rolled channels. At times the sills, in- 
stead of being pressed, are built up of plates and angles. We 
now have cars of 40, 80 and even 100 tons capacity. This 
means that such a load is carried only if somewhat distributed 
on the ear; if concentrated at the centre, two thirds of these 
loads only are allowed. 

On this kind of car a cross sectional area of 24 sq. in. 
(154.83 sq. em.) is recommended, regardless of capacity, so as 
to take care of end shocks properly. The centre sills are now 
preferably made to pass beyond the body bolsters, and in the 
majority of cases, these sills extend from end to end of ear. 
This means an interrupted body bolster built in between the 
sills. 

A 100-ton capacity flat car for the Pittsburgh & Lake Erie 
R. R. Co. has been described in the Am. Engr. & R. R. Jour., 


March 1912. 
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Fig. 8. Cross Section of Union Pacific Steel Passenger Car. 
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Flat Car. 


Fig. 9. 
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GONDOLA CARS. cE 


The all-wood gondola cars are disappearing fast and steel 
is now used more and more. In certain cases, however, wood 
floors and sides are very useful, and for this reason many com- 
posite cars will always be found in our trains, and year by 
year new ones are being built. 

The Pennsylvania Railroad Company’s Class GR ear, Fig. 
11, is possibly the most typical example of this kind. It is of 
50 tons capacity, has all four sills fish-bellied, pressed, some- 
times built up, and properly reinforced at top and bottom; and 
since the same rules govern in regard to loading as on flat cars, 
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SECTION AT CROSS BEARER. SECTION THROUGH CENTER OF CAR. 
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SECTION AT BOLSTER END VIEW. 
Fig. 10. Cross Section of Flat Car. 


only two thirds of the capacity is carried when concentrated 
near the centre. The ends are made to drop, accommodating 
long material. 

Quite often composite cars are made with steel side frames 
by simply adding top angles and diagonal braces. In this way 
we get an effective truss to carry the load, so that the centre 
sills can be straight members. See Am. Engr. & R. R. Jour., 
May 1907. 

When built of steel the car as shown in Fig. 12 no doubt 
represents the average gondola of this country. It is the 
Pennsylvania Railroad Company’s Class GS car. The centre 
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sills are of fish-belly shape of moderate depth, inasmuch as the 
sides are constructed as girders which will carry the load. It 
is, of course, important to connect the stakes well at the deep 
cross bearers so as to keep the sides in line and to retain their 
maximum carrying strength. 

The car in question is sometimes equipped with small 
hoppers and drop doors, sometimes with drop ends, sometimes 
with both. Many railroads, however, prefer the drop doors 
flush, so as to have a perfectly flat floor when the doors are 
closed. 

In Fig. 13 a 90-ton gondola is shown which is equipped 
with six-wheel trucks. 

A very useful modification in the gondola car is the feat- 
ure of dropping the whole floor either from end to end or 
between the trucks, getting a self-clearing side-dump ear, 
besides having a flat-bottom gondola car when the floor is up. 
On account of these various features this type is commonly 
known as general-service ear. 

In Fig. 14 the doors are raised by chains and locked by 
letting the operating shaft creep under the end of the doors, 
so as to relieve the operating device of undue strains under 
the load. 

Fig. 15 shows a general-service car where the doors are 
raised and locked by an offset operating shaft. 


HOPPER CARS. 


By far the most effective car for handling coal and bulky 
freight is shown in Fig. 16, known as a hopper car. This form 
is practically standard on every coal road. It will be noticed 
that the doors open away from the lading instead of sliding 
along the same, which was found troublesome in freezing 
weather. This car is self clearing. The centre sills do not 
carry much of the load; their main function is to take the 
end shock. The body of the car is well braced in the centre, 
inasmuch as the cross hood extends from side to side and forms 
a rigid backbone for the car in all directions. The sides are 
deep, hence, form efficient members for carrying the load; and 
in order to keep them straight and vertical, a substantial angle 
bar along the top edge has been found essential. 
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In several cases the hoppers have been turned around so 
as to swing the doors from side or centre sills. This led to 
various designs of ballast, coke and dumping cars. A very 
useful dump car on this order has been used to good advantage 
by the Union Railroad in handling cinders and furnace refuse 
material. The car has two long doors, each one of which is 
held up at each corner by a chain support. When the load is 
to be dumped between the tracks, the central edges are dropped 
by a winding shaft arrangement, and if the load is wanted 
outside of the tracks, the outside chain supports are dropped. 
The car empties the load quickly and completely, which ac- 
counts for the great savings made in handling such material. 
See Am. Ener. & R. R. Jour., February 1909, 


COKE CARS. 


The same longitudinal arrangement of the doors led to a 
coke car shown in the Railroad Gazette of July 17, 1903. Here 
the doors, instead of dropping, swing out from the side, and 
the car was so arranged that in order to obtain the full 50-ton 
capacity with coke, the car was heaped, but whenever used 
for coal, was only loaded to the top of specially located cross 
ties. 

The car-now often used in carrying coke is a long, deep 
hopper car with four separate hoppers provided with hori- 
zontal drop doors, which leave, when dropped, a series of unob- 
structed downward openings. This car is illustrated in 
Fig. 16A. 

Since the sides are made very deep to hold the load, the 
upper part of them is sometimes made of netting or expanded 
metal, so as to keep the dead weight down without impairing 
streneth. See American Engineer and Railroad Journal, 
August 1907. 

BOX CARS. 


When the Baltimore & Ohio Railroad in 1862 built a num- 
ber of all-steel box cars with wooden underframes, our older 
railroad friends hardly dreamed that these small and not alto- 
gether successful vehicles would be the pioneers in an industry 
of such tremendous magnitude. 
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50-Ton Hopper Car. 


Fig. 16. 


ROLLING STOCK OTHER THAN MOTIVE POWER 


Fig. 16A. Coke Car. 
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From that date on, for over thirty years, wood was en- 
tirely used- on our equipment—still the capacity of cars was 
steadily increased, the trains got longer and the end shocks 
more destructive, so that the wooden sills could not stand up— 
in service any longer. This brought about steel underframes. 
Here, as a rule, fish-bellied centre sills were used to carry 
part of the load and to resist the end shocks, while the side 
sills consisted of angles or Z-bars. The body bolsters were 
usually built in between the sills, and a great many of this 
type of car were built from 1900 on. 

This ear, besides forming a stepping stone to an all-steel 
box car, also forms an economical means of strengthening and 
using up thousands of existing all-wood box ears. A fair 
example of this kind of ear is shown in Fig. 17. 

Further efforts along this line have brought about spas- 
modie cases where the body, or the frame at least, was made 
of steel, in order to assist the underframe in carrying the load. 

Already in November 1900 the Santa Fe Railroad had 
three all-steel box cars built. The underframe consisted of 
six 10-in. (25.4 em.) channels; the sides were of flanged-steel 
panels; the floor, the door and lining were of wood, and the 

j earlines and the roof were of steel. See Ry. & Engng. Rev., 
May 4, 1901. 

The Railroad Gazette of June 14, 1901, published a design 
of box car where the framing was of pressed steel, designed 
to carry load. The sheathing was left off and double wooden 
lining used instead. The floor was made of wood but the 
underframe and roof were of steel. 

The Norfolk & Western in 1902 built a box car with a 
steel underframe, steel posts and braces, but wooden sheathing 
and wooden lining. (See Railroad Gazette April 18, 1902.) <A 
car of this type is shown in Fig. 18. Besides having a steel 
frame, it is also ventilated for the transportation of fruit and 
other perishable freight. 

Since 1908 the Union Railroad and the Bessemer & Lake 
Erie have made experiments with an all-steel car with steel 
floor, doors and roof and without any lining. This car was 
used in various ways, and, contrary to expectations, no damage 
resulted from sweating of the steel or other climatic condi- 
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tions. The car is shown in Fig. 19 and in the Railway Age 
Gazette, March 22, 1912. After a six-years’ trial the Bessemer 
and Lake Erie Railroad Company ordered one hundred of 
such cars. It may be mentioned that this is the same railroad 
that ordered the first lot of one thousand steel hopper cars in 
1897. 

In the beginning of 1907 the Union Pacific built two 
sample all-steel box cars with the sheathing left off and the 
lining, frame, roof, floor and doors made of steel, and in the 
early part of 1910 another similar sample car was built. These 
three cars had centre sills formed of a single I-beam projecting 


Fig. 21. Cross Section of Pressed Steel Frame Box Car. 


through the body bolsters, and the draft sills were offset and 
attached to the projecting part of the I-beam centre sills. See 
Railway Age Gazette, Feb. 11, 1910. 

After many such spasmodic trials and experiments the 
Pennsylvania Railroad Company designed and built a lot of 
cars which up to this time have been their standard car. (See 
Figs. 20 and 21). It is of the steel-frame type with wooden 
floor and lining and no sheathing. The centre sills are of the 
fish-belly construction, reinforced on top and bottom, and two 
deep cross bearers divide the whole construction into actually 
three equal parts. These cross bearers, in conjunction with the 
end sills, transmit the load from the side sills to the centre 
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Pressed Steel Frame Automobile Car. 


Fig, 22, 
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sills at the points where the bending moment is a minimum, 
and from there on it is transmitted to the centre plates by the 
centre sills themselves. In other words, the same principle has 
been followed as on their passenger car constructions. 

The side sills are rolled angles and the posts and braces 
are of U section, made of pressed steel, which in combination 
with the side sill and the eave angle forms a light but effective 
truss. 

The roof is of steel, supported by trough-shaped, pressed- 
steel carlines. At the eaves provision has been made for ven- 
tilation, without, however, allowing the rain and snow to enter. 
The doors are also made of steel. This same construction is 
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Pig. 25. Cross Section of All-Steel Box Car with Wooden Floor and Lining. 


likewise used for stock, automobile and refrigerator cars with 
comparatively few modifications. 

The stock cars use slats instead of a solid lining. The 
automobile cars have wide double sliding doors at the side of 
the car, and one end is made of swinging doors, as is clearly 
shown in Fig. 22. The roof construction at the eaves is also 
slightly different from that on the box car. 

The refrigerator cars naturally vary as to size of doors 
and inside insulation. 

A similar car is shown in Fig. 23. However, rolled steel 
is used instead of pressed steel. The side and centre sills con- 
sist of channels 8 and 15 inches (20.32 and 38.1 cm.) respect- 
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ively. Posts, braces and eave members are of Z-bar section. 
The Canadian Pacific and the Grand Trunk Railroads use this 
form of box car very extensively. 

Figs. 24 and 25 represent the Pennsylvania Railroad Com- 
pany’s latest design of box car—their class X-25. It is similar 
to the steel-frame car above described, but is provided with a 
steel sheathing. This will give the car a plain appearance 
from the outside and will make it absolutely weatherproof. 

The sheathing consists of ten steel panels per side of ear, 
each one being provided with a flange at the top and the bot- 


Fig. 26. Ore Car. 


tom, which flanges in turn are rivetted to the side sill and the 
eave angle. Each panel has one side edge pressed up to form 
a post, while the other side is flat. This post extends inwardly 
and the flat edge of the adjoining sheet is made to cover the 
indentation. The diagonal members have been left off, as the 
steel sheets themselves will act as braces. 


ORE CARS. 


The ore trade in this country is fast increasing in impor- 
tance, and to handle this commodity efficiently and quickly has 
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been for years the aim of those engaged in this business. This 
led to a constant improvement in the ore ear. 

Figs. 26 and 27 show a car where the floor is formed of two 
large longitudinal doors meeting in the centre. The side sills 
are made to take the end shocks and the centre sills are left 


Fig. 27. Cross Section of Ore Car. 


off. The doors are closed by swinging them on sliding pivots 
by means of operating shafts and levers. In this way the 
height of doors is the same whether closed or open. They are 
locked by separately operated spring hooks, which grip the in- 
side edges and hold them tight together until the hooks are 
tripped. All angles of the sides and ends are very steep, and’ 
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when the doors are open, nothing remains to prevent an almost 
instantaneous discharge. 

There are other similar designs of ore cars used with 
equally astonishing results. This undoubtedly is due to the 
fact that the essential underlying conditions are the same in 
every case, namely, steep angles of the sides and ends and 
large, quick-opening doors, with no obstruction whatsoever 
left. The operating mechanism does, however, differ greatly. 


TANK CARS. 


The tank car shown in Fig. 28 is a fair representation of 
this kind of equipment. The car body consists principally of 
the centre sills and bolsters, and the side sills and the floors 
are usually left off. The standard minimum cross-sectional 
area of the centre sills is 30 sq. in. (193.5 sq. em.), so as to 
stand the end shocks safely. The sills themselves are not de- 
signed to carry any load. The tanks are self-sustaining and 
rest on the bolsters. The fastening between the tank and frame 
is preferably made midway between the trucks by rivetting 
or keying, which will give the tanks a chance to expand or 
contract independently of the car frame. This is the more im- 
portant since some heavy oils at times have to be heated to 
make them flow. A great deal of attention has been given this 
matter by the railroads through their M. C. B. Association and 
no expense was considered too great to make this line of trans- 
portation absolutely safe. 

For this reason, that Association adopted standard tank- 
ear specifications, which rigidly define the tank, their fixtures 
and also the most important details of the ear itself. 


TRUCKS. 


Fig. 29 shows the well-known Pullman truck made in east 
steel. This truck has been used for decades past and this fact 
alone will prove its merit. 

One of the main features of the Pennsylvania all-steel 
passenger cars is a low centre sill, so as to get the centre of 
the draft-gear well within the cross section of said sills. For 
this reason another design of truck was necessary. Fig. 30 
shows a four-wheel construction, which was designed for the 
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lighter passenger-train equipment. Another decided con- 
structive feature is the fact that the wheel pieces, in addition 
to the previous functions, also take the place of the equalizers. 
This is accomplished by locating the helical springs on top of 
the journal boxes. Here valuable space in a vertical direction 
was gained by making the wheel pieces of two channels with 


Fig. 29 (Upper). Pullman Truck. 
Fig. 30 (Center). Pennsylvania Four-Wheel Truck. 
Fig. 31 (Lower). Pennsylvania Six-Wheel Passenger Truck. 


flanges turned inside, but spaced far enough apart to let the 
springs extend between their webs. 

For all its heavier all-steel passenger-train cars the 
Pennsylvania Railroad Company has designed a_six-wheel 
truck on the same principles as its four-wheel truck. Here 
the centre plate is directly above the centre axle, and owing 
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to the small clearances vertically, the cross girders which con- 
nect the two truck bolsters had to be spread sufficiently, so 
as to let them extend upwardly without interfering with the 
centre sills. Fig. 31 shows this truck quite clearly. 

The trucks for freight cars, aside from some experimental 
cases, have not been changed a great deal. The well-known 
arch-bar truck still holds its own. It is true, cast steel in 
various forms has been used to replace the rolled arch bars. 
This naturally reduces the number of detail pieces. One type 


Fig. 32 (Upper). Cast-Steel Truck Bolster. 
Fig. 33 (Center). Trussed Truck Bolster. 
Fig. 34 (Lower). Pressed-Steel Truck Bolster. 


of such cast steel designs combines the two rolled arch bars 
and still uses the bottom tie bar and the standard journal 
boxes. Another type goes further by doing away with the tie 
bar and journal-box bolts, using pedestals instead. In this 
case the M. C. B. standard boxes cannot be used. Still another 
type of cast-steel design combines the journal boxes and the 
truck side-frame into one single casting. 

The bolsters in all these variations of the arch-bar truck 
are made either of cast steel, rolled or pressed material. 
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Fig. 32 shows a typical design made of a steel casting. It, 
as a rule, is strong and stiff. The design shown is of an I cross 
section, but in a great many cases it is made of a box section. 

Fig. 33 shows a trussed bolster. It is very strong and 
slightly resilient. 

Fig. 34 represents a pressed-steel type of truck bolster. 
This form is very reliable, strong and stiff. 

The phenomenal increase in the capacity of freight cars 
has induced the Norfolk & Western Railroad Company to de- 
sign and use a six-wheel freight truck, a photograph of which 
is shown in Fig. 35. Here a four-pronged solid spider casting 
transmits the load from the centre plate to all four groups of 


Fig. 35. Six-Wheel Freight Truck. 


springs. These springs in turn rest on the truck sides. Pos- 
sibly the greatest novelty of this truck is the fact that these 
truck sides are also acting as equalizers. Each pair of them 
is kept from spreading and from closing in by the just men- 
tioned spider casting. These trucks are used in connection 
with the 90-ton Gondola car shown on a previous page. 

In coming to a close, it may be stated that the tremendous 
progress made in all these car constructions during the last 
ten years must certainly be acknowledged. Great sums of 
money have been spent in doing so. Aside from this the public 
will appreciate, especially, that part of this expense went into 
passenger equipment for the safety and the comfort of the 
traveling public without the companies obtaining therefrom 
any direct revenue. 


ROLLING STOCK OTHER THAN MOTIVE POWER 563 


The author wishes to extend thanks to the car companies 
and the railroads, who so kindly furnished him some photo- 
graphs, and especially to the Pressed Steel Car Company for 
the many blue prints put at his disposal. 


BIBLIOGRAPHY. 
Passenger Cars in General. 


N. Y. C. Automobile Baggage Car—Amer. Engr. & R. R. Jour., Dee. 1905. 

Cent. R. R. of N. J. Horse Car (60 ft.)—Ry. & Engrg. Rev., Oct. 8, 1904. 

Southern Pacific Hospital Car—Ry. Age, Nov. 3, 1905. 

N. Y. Cent. Elec. Suburban Steel Cars—R. R. Gaz., Nov. 3, 1905. 

Construction of a Pass. Car—C. F. Rydberg, Ry. & Engng. Rev., Dee. 
2, 1905. 

So. Ry. Steel Pass. Car—Am. Engr. & R. R. Jour., July 1906. 

Southern Pacific Hospital Car—Eng. News, Jan. 11, 1906.- 

Can, Pac. Private Car—R. R. Gaz., Jan. 18, 1907. 

Harriman Steel Pass. Car—Amer. Engr. & R. R. Jour., Jan. 1907. 

Long Island R. R. Steel Pass. Cars—-Amer. Engr. & R. R. Jour., Feb. 1907. 

N. Y. C. & H. R. BR. R. Steel Pass. Cars—Amer. Engr. & R. BR. Jour., 
Mar. 1907. 

Penna. R. R. Steel Pass. Cars—Ry. Age, June 7, 1907. 

Penna. R. R. Steel Pass. Cars—R. R. Gaz. June 14, 1907. 

Steel Pass. Equipment—C. E. Barba and M. Singer, Am. Engr. & R. R. 
Jour., June 1907. 

Southern Pacifie Steel Coach—Ry. Age, Jan. 11, 1907. 

Penna. R. R. All-Steel Pass. Cars—Am. Engr. & R. R. Jour., June 1907. 

All-Steel Pass. Cars—Am. Engr. & R. R. Jour., July 1907. 

Hudson Companies’ All-Steel Pass, Cars—Am. Eng. & R. R. Jour., Oct: 
1907. 

Canadian Northern Comb. Parlor, Sleeping and Din. Car—R. R. Gaz., 
May 3, 1907. 

Steel Cars for Pass. Train Equip—Eng. News, Sept. 3, 1908. 

Southern Pacific New Design Std. Steel Coach—R. R. Age Gaz., June 12, 
1908. 

Erie Steel Underframe for Pass. Cars—R. R. Age Gaz., Oct. 1, 1909. 

Use of Steel in Pass. Car Cons.—John McE. Ames, Pro. Cent. Ry. Club, 
Mar. 12, 1909. 

Long Island R. R. All-Steel Sub. Cars—Am., Engr. & R. R. Jour., Jan. 1909. 

Cent. R. R. of N. J. Coach with Steel Underframes—R. R. Age Gaz., July 
9, 1909. 

St. Paul New Pass. Equip.—R. R. Age Gaz., Oct. 1, 1909. 

Double Open Diag. Truss for Steel Pass. Cars—Am. Engr. & R. R. Jour., 
Nov. 1909. 

Penna. Steel Motor Coaches—Ry. Age Gaz., Aug. 11, 1911. 

Composite Steel Pass. Equipment—Am. Engr. & R. R. Jour., Jan. 1911. 


564 ROLLING STOCK OTHER THAN MOTIVE POWER 


C. M. & St. P. Steel Pass. Train Equip—Am. Engr. & R. RB. Jour., June 
1911, 

Burlington Women’s Parlor Car—Ry. Age Gaz., Sept. 15, 1911. 

N. Y. Westchester & Boston New Type Steel Pass. Car—Ry. Age Gaz., 
June 14, 1912. 

Treatment and Finish of Pass. Car Concrete Floors—Ry. Mas. Mech., Dec. 
1912. 

N. Y. Cent. Steel Coaches—Ry. Age Gaz., Feb. 21, 1913. 

N. Y. Cent. Steel Coaches—Am. Engr., Feb. 1913. 

Steel Pass. Car Design—Papers read before A. S. M. E., Ry. Age Gaz., 
April 11, 1913. 

Steel Pass. Car and Existing Pass. Equip—Ry. & Engrg. Rev., Oct. 25, 
1913. 

Steel Pass. Cars—A. Copony, Ry. Mas. Mech., Nov. 1912. 

Steel Pass. Car Design—Jour. Am. Soc. of Mech. Engrs., May 1913. 

Steel Pass. Car Design—Jour. Am. Soc. of Mech. Engrs., June 1913. 

Ill. Cent. Express Refrigerator Cars—Ry. Rey., June 6, 1914. 

Steel Pass. Cars—F. M. Brinckerhoff, Ry. Rev., June 6, 1914. 

Steel Pass. Cars—F. M. Brinckerhoff, Ry. Age Gaz., Mar. 13, 1914. 

New Haven Steel Coach—Ry. Age Gaz. (Mech. Ed.), April 1914. 

Can. Pac. Steel Coach—Ry. Age Gaz. (Mech. Ed.), May 1914. 

Can. Pac. Steel Pass. Car—Ry. Rev., May 2, 1914. 

Santa Fe Steel Coaches—Rwy. Age Gaz. (Mech. Ed.), Jan. 1915. 

Grand Trunk Sub. Coaches—Rwy. Age Gaz. (Mech. Ed.), April 1915. 

Burlington Dining Cars—Ry. Age Gaz. (Mech. Ed.), Feb. 1914. 

Grand Trunk Steel-Frame Pass. Equip.—Ry. Age Gaz., Apr. 2, 1915. 

Steel Cars on Long Island—EIl. Ry. Jour., Mar. 20, 1915. 

Union Pacific Pass. Equip—Ry. Age Gaz., June 25, 1915. 

Erie All-Steel Pass. Car—Ry. Age Gaz., June 11, 1915. 


Mail and Postal Cars. 


Santa Fe Steel-Underframe Postal Car—R. R. Gaz., June 16, 1905. 

Harriman Lines Std. All-Steel 60-ft. Postal Car—R. R. Gaz., June 22, 1906. 

Santa Fe Steel Underframe Postal Car—Am. Engr. & R. R. Jour.. Oct. 
1906. 

Penna, All-Steel Postal Car—Am. Engr. & R. R. Jour., April 1907. 

Proposed Specifications for Postal Cars—Ry. Age Gaz., Nov. 24, 1911. 

Tentative Specifications for Steel Postal Cars—Ry. & Engng. Rev., Nov. 


25, 1911. 

Proposed Specifications for Steel Postal Cars—Ry. & Engng. Rev., Dec. 
23, 1911. 

Proposed Specifications for Postal Cars—Am. Engr. & R. R. Jour., Dee. 
LOMAS 


Mo. Pac. Postal Cars—Ry. & Engng. Rev., Mar. 2, 1912. 

Heat Transmission Tests on Steel Mail Car Section—Ry. Age Gaz., June 
26, 1914, 

Wabash 60-ft. Steel Postal Car—Ry. Age Gaz. (Mech. Ed.), Nov. 1913. 

Northern Pac. Ry. Postal Car—Ry. & Loco. Engng., Jan. 1915. 
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Sleeping Cars. 


Pullman All-Steel Sleeping Car— R. BR. Gaz., April 19, 1907. 
Pullman New Steel Sleeping Car—Ry. Age. Gaz., April 29, 1910. 
Pullman All-Steel Cars—Am. Engr. & R. R. Jour., Oct. 1910. 


Baggage and Express Cars. 

N. Y. C. Baggage Cars for Automobiles—Am. Engr. & R. R. Jour., Dec. 
1905. 

Cent. R. R. of N. J. Spec. Bagg. Car for Scenery—Ry. Age Gaz. (Mech. 
Ed.), Nov. 1913. 

Long Island Short Steel Bagg. Car—Ry. Age Gaz., Sept. 4, 1914. 

Long Island Steel Bagg. Car—Rwy. Age Gaz. (Mech. Ed.), Oct. 1914. 

C. R. R. of N. J. Steel Bagg. and Mail Cars—Ry. Age Gaz. (Mech. Ed.), 
Mar. 1915. 

C. R. R. of N. J. Steel Bagge. and Mail Cars—Ry. Age Gaz., Feb. 19, 1915. 


Freight Cars in General. 


C. M. & St. P. 50-ton Coal Car—Master Mechanic, Feb. 1904. 

Lawson Dump Car—R. R. Gaz., Mar. 11, 1904. 

Lawson Dump Car—Amer. Engr. & R. R. Jour., April 1904. 

Rock Island Comb. Stock and Drop Bottom Car—R. R. Gaz., Nov. 3, 1905. 

D. & H. Composite Coal Car—Ry. Age, Aug. 4, 1905. 

Hart Convertible Ballast and Freight Car—Eng. News, July 6, 1905. 

End Shocks—Proe. Ry. Club of Pittsburgh, Sept. 1905. 

P. R. R. Std. Freight Cars—Ry. & Engng. Rev., June 17, 1905. 

Steel in Car Construction—Proc. W. Ry. Club, Mar. 15, 1904. 

Steel Car Design—A. Stucki, R. R. Gaz., June 17, 24, July 8, 22, 29, 1904. 

Design of Steel Underframe—Fritz B. Ernst, Ry. Age, June 17, 1904. 

Comb. Stock and Drop-Bottom Dump Car—R. R. Gaz., April 18, 1906. 

Des. of Steel Cars as to Repairs—A. Stucki, Am. Engr. & R. R. Jour., 
Jan. 1906. 

A. C. L. Phosphate Car—R. R. Gaz., June 8, 1906. 

B. & M. Auto and Horse Car—Ry. & Loco. Engng., Sept. 1906. 

B. & O. Maint. and Repair of Steel Freight Cars—Am. Engr. & R. R. 
Jour., May 1907. 

B. & O. New Clearance Measuring Car—Eng. News, June 13, 1907. 

Middletown Car Works Steel Dump Cars—Ry. Age, Dec. 28, 1906. 

A. T. & 8. F. 35-ton Steel U. F. Stock and Coke Car—Am. Engr. & R. R. 
Jour., Nov. 1906. 

Santa Fe Reinforcing Light Wooden Cars—R. R. Age Gaz., June 12, 1908. 

Structural Steel in Frt. Cars—G. A. Ackerlind, Ry. & Engng. Rev., June 
Ha L008: 

Cc. & O. Cars for the Virginia Coal Business—R. R. Age Gaz., June 12, 
1908. 

Clark All-Steel Box Car—Iron Age, Sept. 24, 1908. 

Air-Operated Spreader Car for Rwy. and Other Work—Eng. News, Sept. 


17, 1908. 
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P. R. R. Maintenance and Repair of Freight Cars—Am. Engr. & R. R. 
Jour., Mar. 1909. 

General Service Freight Equipment Car—Am. Engr. & R. R. Jour., Nov. 
1908. 

D. & I. R. Ore Car (Summer’s Design)—R. R. Age Gaz., Jan. 29, 1909. 

Pgh. Plate Glass Co. Steel Car—Am. Engr. & R. R. Jour., June 1909. 

Vir. Ry. Coal Cars and Coal Trains—Eng. News, Jan. 13, 1910. 

Steel in Frt. Car Constr.—C. A. Seley, Jour. Fr. Inst., April 1910. 

Steel Car Cons.—C. R. Harris, Ry. Mas.-Mech., April 1910. 

Stresses Dev. by Collisions of Frt. Cars—Pro. N. Y. R. R. Club, April 15, 
1910. 

Heating Cars Containing Perishable Frt.—Ry. Age Gaz., Aug. 18, 1911. 

Penna, Clearance Car—Ry. Age Gaz., Mar. 31, 1911. 

Clark Quick-Dumping Steel Ore Car—Eng. News, Dee. 1, 1910. 

Freight Car Truck Experiments—Ry. Age Gaz., Mar. 24, 1911. 

New Box Stock Refrig. Cars—Rwy. Age Gaz., Oct. 4, 1912. 

Fish-Belly Center Girders for Cars—A. E. Heffelfinger, Am. Engr., Mar. 
1912. 

Erie Track Insp. Car—Ry. Age Gaz., June 21, 1912. 

Car Roof Problem—Ry. & Engng. Rev., May 31, 1913. 

Improved Methods of Frt. Car Cons.—Ry. Age Gaz. (Mech. Ed.), Aug. 
1913. 

Freight-Car Truck Experiments—Prof. Endsley, Am. Engr., Jan. 1913. 

Penna. R. R. Steel Freight-Car Equip—Ry. & Engng. Rev., Nov. 2, 1912. 

Freight Car Troubles—J. C. Fritts, Pro. Cent. Ry. Club, Sept. 12, 1913. 

Dairy Refrig. Cars—Rwy. Age Gaz. (Mech. Ed.), June 1914. 

Freight Car Design and Cons.—W. M. Bosworth, Rwy. Age Gaz. (Mech. 
Ed.), June 1914. 

Grand Trunk Freight Cars—Ry. & Engng. Rev., Nov. 29, 1913. 

Grand Trunk Cars—Ry. Mas. Mech., Jan. 1914. 

Lehigh Valley High Cap. Well Car—Ry. Age Gaz. (Mech. Ed.), Feb. 1914, 

Important Features in Refrig. Car Design—Ry. Age Gaz., Jan. 30, 1914. 

Can. Pas. Structural-Steel Trucks—Ry. Mas. Mech., March 1914. 

Nor. Pac. Stock Car—Ry. Age Gaz. (Mech. Ed.), April 1914. 

N. Y. Cent. Steel Underframes—Ry. Age Gaz. (Mech. Ed.), October 1914. 

Some Exper. to Deter. Stresses in Truck Side Frames—Ry. Club of Pgh., 
Feb. 1915. 

B. R. & P. Outfit Car—Ry. Age Gaz., June 18, 1915. 


Flat Cars. 


P. & L. E. 75-ton Steel Flat Car—Am. Engr. & R. RB. Jour., Sept. 1905. 

Steel Flat Cars for Heavy Loads—Eng. News, May 24, 1906. 

C. M. & St. P. Very Heavy Cap. Flat Car—Ry. & Engng. Rev., April 28, 
1906. 

L. S. & M. 8. 75-ton Steel Flat Car—Am. Ener. & R. R. Jour., June 1907. 

Erie R. R. Special 75-ton Flat Car—Ry. Age Gaz. (Mech. Ed.), July 1913. 


a! 


ROLLING STOCK OTHER THAN MOTIVE POWER 567 


Gondola Cars. 


B. & O. Steel Underframe Gondola—R. R. Gaz., April 14, 1905. 
N. Y. C. Steel Underframe Gondola—Ry. Age, June 23, 1905. 
Newburgh & So. Shore Gondola—R. R. Gaz., Dec. 21, 1906. 
Frisco Lines Gen’] Ser. Gon. Car—R. R. Gaz., March 25, 1906. 
Wabash R. R. Steel Frame 50-ton Gon. Car—Eng. News, June 13, 1907. 
Ralston Gen. Ser. Car—R. R. Age Gaz., Aug. 28, 1908. 
Virg. Std. 50-ton Gond. Coal Car—Am. Engr. & R. R. Jour., Nov. 1908. 
Virg. 50-ton Steel Gond. Car—Am. Engr. & R. R. Jour., Oct. 1909. 
Norfolk & West. 50-ton Steel Gond. Car—Am., Engr. & R. RB. Jour., Sept. 
1909. 
Gen. Service Steel Gond. Cars—Am. Engr. & R. R. Jour., June 1909. 
Cent. R. R. of N. J. 50-ton Low-Side Gond.—Am. Engr., April 1913. 
Norfolk & Western 90-ton High-Side Gond. Car—Ry. Age Gaz., Jan. 3, 
1913. 
Hopper Cars. 


Summer’s Gravity Dump Car—R. R. Gaz., June 24, 1904. 

B. & S. Dump Car—Ry. & Loco. Engng., Oct. 1905. 

L. S. & M. 8. 50-ton Steel Twin-Hopper Gond. Car—Am. Engr. & R. R. 
Jour., Nov. 1905. 

New Types of Goodwin Car—Ry. & Engng. Rev., June 9, 1906. 

Mon. Conn. 100-ton Hopper Car—Am. Eng. & R. R. Jour., April 1906. 

Del. & Hudson Composite Hopper Car—Am, Engr. & R. R. Jour., May 
1907. 

Summer ’s Dump Car—Amer. Engr. & R. R. Jour., Feb. 1909. 


Coke Cars. 


Cambria Steel Coke Car—R. R. Gaz., June 17, 1904. 

C. L. S. & E. 100,000-Ib. Coke Car—R. R. Gaz., Aug. 19, 1904. 

Vanderbilt Steel Coke Car—Ry. Age, Feb. 5, 1904. 

P. & L. E. Steel Triple-Hopper Bottom Coke Car—Am. Eng. & R. R. Jour. 
Aug. 1907. 

P. R. BR. 4-Hopper Steel Coke Car—Am. Engr. & R. R. Jour., May 1909. 


Box Cars. 


50-ton Steel-Underframe Box Car, Ill. River Packet Co.—R. R. Gaz., Jan.. 
1, 1904. 

Penn. Box Car for Automobiles—Ry. & Loco. Engng., March 1906. 

Rock Island Std. 80,000-Ib. Box Car—R. R. Gaz., June 8, 1906. 

Union Pac. All-Steel 50-ton Box Cars—R. R. Gaz., Feb. 22, 1907. 

N. Y. Cent. Lines Std. 40-ton Box Car—Am. Engr. & R. R. Jour., Mar. 
1907. 

Union Pac. All-Steel Box Cars—Am. Engr. & R. R. Jour., April 1907. 

San Ant. & Aransas Pass. Fruit and Vegetable Cars—R. R. Age Gaz., Jan. 
29, 1909. 

Union Pac. Steel Box Cars—Ry. Age Gaz., Feb. 11, 1910. 

Can. Pac. Steel-Frame Box Cars—Ry. Age Gaz., Mar. 10, 1911. 


Mr. 
Passeck. 


Mr. 
Baker. 
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Leakage of Grain from Box Cars—Ry. Age Gaz., Nov. 24, 1911. 

B. & L. E. All-Steel Box Cars—Ry. Age Gaz., Mar. 22, 1912. 

Defective Box Cars and Damaged Frt.—Ry. Age Gaz., April 12, 1912. 

C. M. & St. P. Auto Car—Ry. Age Gaz., Mar. 15, 1912. 

Cent. R. BR. of N. J. Ice Car—Ry. Age Gaz., June 7, 1912. 

Grand Trunk Steel Box Car with Hopper—Ry. Age Gaz. (Mech. Ed.), 
June 1913. 

Can. Pac. Box Car for Grain and Coal—Ry. Age Gaz., July 11, 1913. 

Frisco Steel-Frame Box Cars—Ry. Age Gaz., Oct. 3, 1913. 

N. Y. C. & H. BR. BR. B., A Strong Box-Car End—Am. Engr., Jan. 1913. 

Rock Island Grain-Tight Single-Sheathed Box Car—Ry. Age Gaz. (Mech. 
Ed.), Feb. 1914. 

Steel-Underframe Box Cars—Jour. Am. Soc. M. E., Feb. 1914. 

P. BR. BR. Steel Box Cars—Eng. News, Feb. 12, 1914. 

Union Pac. Steel Box and Auto Cars—Ry. Rev., June 6, 1914. 

P. R. R. All-Steel X-25 Type Frt. Box Car—Ry. & Loco. Eng., Aug. 1914. 

Making Prov. for Emergency Grain Cars—Ry. Age Gaz., July 31, 1914. 

P. BR. R. All-Steel Box Car—Ry. Age Gaz. (Mech. Ed.), August, 1914. 

Til. Cent. R. R. New Box Cars—Ry. & Loco. Engng., Feb. 1915. 

Tll. Cent. Steel-Frame Box Cars—Ry. Age Gaz. (Mech. Ed.), Feb. 1915. 

The Standard Box Car—R. W. Burnette, Ry. Age Gaz., Mar. 5, 1915. 

Defects of Modern Box Cars—Robert N. Miller, Ry. Age Gaz. (Mech. 
Ed.), Apr. 1915. 

Car Construction—M. C. B. Report, Ry. Age Gaz., June 16, 1915. 

Union Pacific Auto. and Box Cars—Ry. Age Gaz., Feb. 5, 1915. 

Bettendorf All-Steel Box Car—Ry. Age Gaz., June 17, 1915. 

Can. Pac. Steel Box Car—Ry. Age Gaz., June 18, 1915. 


Tank Cars. 


Vanderbilt Steel-Frame Tank Car—R. R. Gaz., Feb. 19, 1904. 
Bettendorf Tank Car, No Center Sill—R. R. Gaz., June 17, 1904. 
Large Cap. Tank Car—Ry. Age Gaz., Dec. 8, 1911. 


DISCUSSION 


Mr. C. T. Passeck* said that the present tendency was not to exceed 
40 to 50 tons capacity in the design of box cars; this limit is set by the 
cubical capacity of the car. The movement in the future will be toward 
steel cars. Some roads have trouble with the sweating of steel cars. In 
the design of steel passenger cars the Southern Pacific Company had used 
separate panels which could be easily replaced. In future, agasote or some 
other composition will replace steel in part. This material requires re- 
painting about one-third as often as steel. 


Mr. C. W. Baker,** Mem. Am. Soc. M. E., said that the new Erie steel 
ear weighed a little less than the wooden car which it replaced. The aim 


* Chief Car Draftsman, Southern Pacific Co., San Francisco, Calif. 
** HWditor in Chief, Engineering News, New York, N. Y. 
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now is to make a light car, as well as one that is strong and of large 
capacity. There is a very heavy dead weight now in passenger cars. 

He stated that the electric railway people are reducing the weight of 
their cars. Every pound of weight saved, saves perhaps 50 cents in oper- 
ating cost during the life of the car. Perhaps the weight may be cut down 
by using special steel, as has been done in automobile construction. 


Mr. A. H. Babcock,*** Mem. A. I. EH. E., said that some years ago 
some tank cars were designed with the bottom section of the tank heavy 
enough to replace the center sills and asked if this design still persisted. Also 
if the cast-steel truck frame for motor trucks for electric operation was of 
sufficient merit to persist. 

Referring to Mr. Baker’s remarks, he said that the lightest car in pas- 
senger service in the East weighs 1250 lb. per passenger, and some weigh 
1400 to 1500 Ib. per passenger. The Southern Pacific steel suburban car 
weighs 761 lb. per passenger, seats 116 persons and has a length of 72 ft. 
4% in. 

Mr. F. T. Oakley,* M. Am. Soc. C. E., asked as to the merits of the 
all-cast-steel truck as compared with the built-up truck. In a recent wreck 
he had seen a number of Pullman trucks badly damaged, but the trucks 
under the dining car, which were of the type shown in Fig. 31, were not 
much damaged. The built-up truck may be better. 

Mr. Arnold Stucki said that Mr. Passeck was right about the 40- and 
50-ton box car; that we cannot well get more than 50 tons into a box ear. 

We are now building 100-ton capacity flat cars and hopper cars. The 
70-ton hopper car is now standard. A further increase may be looked for 
because the principle is right. The sweating of steel cars is possibly a 
result of climatic condition, as Mr. Passeck has said. The Bessemer & 
Lake Erie and the Union, who built the cars with no lining, had no trouble, 
though they sent a car of cement from coast to coast. But one car does 
not establish a fact. 

With regard to tank cars: In some cases the center sills have been 
done away with entirely and the tank reinforced at the bottom. This 
involves a serious problem, however, as the tank is subjected to heavy 
blows, with consequent liability of breakage. A good many such ears 
are in service, but few, or none, are now being built. The best design is 
for the underframe to take the end shock and the tank to take the load. 
Connection is made at the center of the tank. 

To Mr. Oakley’s remarks he replied that he had seen cast-steel trucks 
and bolsters behave excellently in wrecks, and after having been straight- 
ened up, used again. Also, that he had seen some that showed clearly the 
treacherous nature of the material. If you have a well designed truck and 
a good casting everything will be all right. Rolled steel is all right in 
railroad construction wherever you put it. He could not say which is 
better; each had proved its case. 
fist ceneutiins Electrical Engineer, Southern Pacific Co., San Francisco, Calif. 

* Senior Structural Engr., Interstate Commerce Comm., Div. of Valuation, San 


Francisco, Calif. 
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THE FLOATING EQUIPMENT OF A RAILROAD. 


By 
F. L. DU BOSQUE, Mem. 8. N. A. & M. E. 
iNewseViorks sNews Veo ems 7a Ac 
Reviewed by 


MR. STEVENSON TAYLOR, Life Member, S. N. A. & M. E. 
New York, N. Y., U. 8S. A. 


Railroads whose terminals are located in harbors of impor- 
tance or whose rails touch such harbors require a considerable 
amount of floating equipment to complete their delivery agree- 
ments, and probably nowhere does this kind of equipment 
become so necessary as in the Port of New York, where all the 
railroads require vessels to complete their deliveries in whole 
or in part. The territory covered by this water-borne move- 
ment is shown on Plate No. 1, which is a map of Manhattan 
Island, showing the surrounding water area within the lighter- 
age limits; and the extent of this territory gives an idea of 
the large amount of floating equipment required by the different 
roads reaching New York. Requiring as‘it does almost every 
type of equipment, a description of the floating equipment used 
in New York would seem to best describe the subject of this 
paper. 

It has been the custom to look upon passenger traffic as the 
most important of a railroad’s functions. A glance at Plate No. 
1 will show that most of the roads have their rail terminals on 
the New Jersey shore of the Hudson River, the passengers reach- 
ing Manhattan Island by ferryboats. In fact, the first steam 
ferryboat was used on the Hudson River. Step by step this 
type of vessel has been improved to within a few years, halted 
now by the prospect that it will not be a very distant day before 
the various roads use tunnels under the Hudson River for their 
passenger train service. 


THE FLOATING EQUIPMENT OF A RAILROAD 571 


_ The Hudson River ferryboat, aside from the feature of fire 
protection, is the highest development of the type. Plates 2A, 
2B show in detail a design that is closely followed on all 
the modern boats, averaging 210 feet in length, with a displace- 
ment of 1,000 tons. The hull is built of steel, deck structure 
and guard beams of steel, but the superstructure is of wood. 
The main, or lower, deck is used jointly for passenger and 
vehicle traffic; the two gangways through the center have room 
for from eighteen to twenty vehicles; the passenger accommo- 
dations are along the sides. The upper deck is used exclusive- 
ly for passengers, with elevated approaches thereto from the 
ferry station. The capacity of the vessel is about 2500 passen- 
gers, and eight minutes is the average time for the trip across 
the river. The vessels are propelled by two screws, one at each 
end, connected by a continuous shaft. The motive power is a 
vertical compound condensing engine of about 900 i.h.p., giving 
the vessel a speed of ten knots. The screw system of propul- 
sion, which commenced to supersede the side-wheel system in 
1891-and is now universal, while not as economical in fuel con- 
sumption, has many decided advantages: more space is avail- 
able for passengers; better control is obtained in stopping and 
starting (a feature of much importance when so many ‘‘end on’’ 
dockings are made) ; and ability to proceed through the ice in 
winter without material interruption, which is a feature of much 
importance, affecting both the earning ability of the equipment 
and the convenience of the traffic. While the steam pressure 
carried on this type of vessel ranges around 160 pounds, no one 
particular type of boiler has been adopted. It would seem, 
however, that the water-tube type, affording, as it does, safety 
from disastrous explosion and being so flexible in operation 
that it will accommodate itself to the intermittent operation 
necessary, is the most desirable. The vessels have complete elec- 
tric-light equipment in duplicate, generally indirect hot-air heat- 
ing system, and complete pumping and fire-fighting facilities, 
particular attention being given to the feature of quick action 
with portable chemical extinguishers. 

It will be noted that the above described type has a wooden 
superstructure. It is necessarily of light material and should a 
fire obtain much headway, it would no doubt be disastrous. 
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The fear of this prompted the construction of a ferryboat with 
a steel superstructure, in fact, of all steel construction, Plates 
3A, 3B, 3C. Four of these are now in use on the Dela- 
ware River, and while none have been built for the Hud- 
son River service, attention is called to what is a practical and 
desirable type of ferryboat that will undoubtedly be followed 
in localities where such service is developing instead of waning. 
The sketches show a ‘‘single-deck’’ boat, but the design con- 
templates an upper deck, should traffic require it. The motive 
power is similar to but less than that in use on the Hudson River 
ferryboats. 

Originally, little attention was paid to the means of load- 
ing and unloading ferryboats, a platform hinged on the shore 
end with its outboard, or river end, resting on the boat being 
the means of providing for variation in tide level and conse- 
quent relative height of the vessel’s deck. As the carrying 
capacity of vehicles increased, the length of the platform was 
increased to reduce the incline or grade; coincidently the weight 
of the platform or ‘‘bridge’’ increased, and means were then 
required to support, raise and lower the outboard end with 
more certainty; in some cases a pontoon supports the outboard 
end, supplemented by chain windlass to obtain exact control. 
A better plan is to raise and lower the bridge by electrically- 
operated screw gears, omitting the pontoon and counterweight- 
ing the dead load; but the growing use of the heavy automo- 
bile truck brought new problems in loading and unloading and 
it became desirable to not only control the height of the bridge, 
but also to provide some means that would keep the bridge and 
boat in constant vertical alignment and also relieve the boat 
of the weight of the bridge and the live load on it. Plate No. 4 
shows a device now in use that not only accomplishes these re- 
quirements but also moors the vessel to the bridge automatically. 

By far the most interesting operation of a railroad is the 
freight traffic, versatile, with ever occurring opportunities for 
improvement; and this condition obtains on floating equipment 
to a most marked degree. Only one trunk line has facilities 
for the delivery of freight by rail on Manhattan Island. It 
seems unnatural that such a condition should exist in the great- 
est ‘‘freight consuming’’ locality in our country; therefore, all 
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Plate 2A. Ferry Boat. Elevation. 
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Plate 2B. Amidship Section, Ferryboat. 


Plate 3A. Interior View of Fireproof Ferryboat. 
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Plate 3B. Amidship Section, Fireproof Ferryboat. 
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the railroads must give much study to the problems occurring 
in transportation by water. 

The different roads maintain their own freight stations on 
piers at various points on the water front of Manhattan. Cars 
are loaded onto ‘‘car floats’’ at the rail terminal and the floats 
are towed by “‘tugboats’’ to these piers; the cars are unloaded 


Plate 4. Device for Mooring Ferryboats and Counterbalancing Liveloads. 
Patented 1914. 


there and reloaded while on the floats; all the freight handled 
at these stations arrives and departs on floats. Piers are usually 
long enough to berth three floats, and freight is taken from the 
ear door, over gang planks, to the side of the pier by hand 
trucks, distributed around the piers, and stowed where it can 
be conveniently loaded on to a truck. In a few instances small 
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‘‘vards’’ have been conceded, by the municipality, along the 
shore front and ears are moved from the floats into these yards 
by drill engines, permitting ‘‘tail board’’ deliveries, that is, 
from car door to truck or van; in still fewer instances large 
manufacturers adjacent to Manhattan maintain ‘“‘float bridges”’ 
over which the cars can be moved direct to their warehouses; a 
traffic of considerable volume is also obtained in the interchange 
of cars between the different roads, principally between the 
trunk lines and their eastern connections. 

The car floats used for this movement may be classed in 
two types; pier floats and transfer floats. Pier floats, as the 
name implies, are used to deliver freight to the freight stations 
on piers; the traffic is usually in less than car load lots (L. C. L. 
freight) and the loads carried are therefore less than those car- 
ried by transfer floats,—the cars on which are usually fully loaded 
at transfer stations before reaching the terminal,—or less than 
those containing heavier materials, such as coal, structural iron, 
ete. Pier floats are not required, therefore, to be as strongly 
constructed and are built of wood because of their lesser first 
cost and subsequent cost for maintenance. Moving them fre- 
quently and maneuvering around piers somewhat restricts their 
length. Plate 5 shows the usual type of pier float. It will be 
seen that they are of box form, sides nearly straight, with their 
ends slightly curved from keel to deck, so as to reduce some- 
what the resistance in towing; they carry twelve cars, six on 
each side, and the roofed platform through the center is to 
permit the unloading of the freight in the offshore cars onto the 
pier against which the float is moored, or to a bulkhead against 
the end of which a float may be placed. The transfer floats, as 
before mentioned, must be more strongly constructed. They 
support three, and sometimes four, tracks, are longer than pier 
floats, and carry twenty-two fully-loaded cars. They are used 
principally for interchange between railroads and for the move- 
ment to the yards and manufacturing plants above mentioned. 
It has seemed impossible to construct of wood satisfactory floats 
of this type, and steel is therefore used. <A typical float is shown 
on Plates 6A, 6B. As the pier and transfer traffic is not constant, 
or relatively so, it has been found desirable to maintain a type of 
float that could be used in either service, strong enough for the 
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Plate 5. Amidship Section of Car Float, Pier Service. 
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Plate 6B. Car Float, Transfer Service. 
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Plate 7A. Car Float, Pier and Transfer Service. 
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Plate 7B. Amidship Section of Car Float, Pier and Transfer Service. 
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heaviest loads and not too large for pier service; this compromise 
float is shown on Plates 7A and 7B. 

One of the most interesting problems involved in this float 
movement is in loading and unloading them. Plate No. 8 shows 
the device employed. The height of the shore is constant, but 
the height of the float naturally varies with the stages of the 
tide; the floats are loaded over their end. Drill engines move 
the cars over tracks on the float that are a continuation of the 
tracks on shore. A ‘‘bridge’’, installed between the shore and 
the float, hinged at its shore end and with its outer end attached 
to the end of the float, completes the continuous track. The 
outer end is free to move up and down to accommodate itself to 
the exact height of the float. Naturally, the grade on the bridge 
will increase with increased variation in the height of the water 
and, therefore, of the float; it follows that the length of the 
bridge is governed by a permissible grade. The bridge joint at 
the shore end and at the float must be abrupt. It has been 
found that the permissible grade is not governed by the ability 
of an engine to push the ears, but by the vertical angle result- 
ing at the joints; too great an angle permits the couplers on 
the cars to slide up or down sufficiently to allow them to disen- 
gage; 3° is the maximum safe angle when the center of the 
ear truck is 5 ft. 10 in. away from the coupler, as is usual. Great 
differences in tide level could be provided for by extremely long 
bridges, room for which is not always available, so that it has 
become the practice to introduce articulated bridges, each joint 
being individually supported and operated, and their number 
depending upon the difference in tide levels at the localities 
where used. A single-span bridge is satisfactory at Norfolk, 
Va.; two spans are used in New York, and three spans are used 
in Maine. The first span is of the through plate-girder type 
bridge, about 75 feet long; the outboard end of this bridge is 
supported from an overhead girder by four vertical lifting 
serews, on each of which a nut is turned by worm gear driven 
by electric motors on a common driving shaft. Where suf- 
ficient lifting force is provided to operate this end of the bridge 
with its maximum load, the length of the span may be reduced. 
The second span, usually called an “‘apron’’, the outboard end 
of which is attached to the float, is made of wood and is usually 
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about 35 feet long; it must be designed so that the platform 
will endure considerable twisting. The float is made fast to 
the apron by heavy chain moorings, and alignment of track 
vertically and transversely is maintained by inserting four steel 
toggle-bars, five inches square, that pass horizontally through 
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Plate 8. Car Transfer Bridge, Float Service. 


eyes or pockets on the apron into similar pockets on the float, 
directly opposite. When one side of a float is being loaded it 
naturally lists to that side and must carry with it the end of 
the apron to which it is attached; the inshore end of the apron 
cannot list, as it is hinged to the bridge; twisting of the apron 
must therefore take place and is arranged for by a suitably 
designed structure. As the cars move over the end of the float 
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Plate 9A. House Barge. 
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Plate 9B. Amidship Section of House Barge. 
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Plate 10A. General Plan and Interior, Self-Propelled House Barge. Plate 10B. Amidship Section, Self-Propelled House Barge. 


Plate 11. Hand Derrick Barge. 
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Plate 12A. Steam Derrick Barge. 
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Plate 12B. Structural Arrangement, Steam Derrick Barge. 
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Plate 13A. Harbor Tug. 
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Plate 13B. Amidship Section, Harbor Tug. 
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Plate 14A. General Plan Interior, Drill Tug. : Plate 14B. Amidship Section, Drill Tug. 
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Plate 15A. Coal Barge. 
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Plate 15B. Amidship Section, Coal Barge. 
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Plate 16A. Tug used for Towing Barges. 
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Plate 16B. Amidship Section of Tug used for Towing Coal Barges. 
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Plate 17A. Chesapeake Bay Car Float. 
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Plate 17B. Amidship Section, Chesapeake Bay Car Float. 
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a weight of considerable magnitude is thrown thereon which it 
is difficult to provide for in the structural design y.‘thout con- 
siderable expense, especially in long floats; further, this weight 
would immerse the end of the float and, consequently, increase 
the ‘‘joint angle’’ above referred to as controlling the grade. 
To relieve the strain on the float and reduce the joint angle, an 
arrangement is provided to automatically counterbalance the 
live load. The ends of a wire rope are made fast to the outer 
end of the apron, the rope passes overhead around pulleys and 
downward until its loop rests in a sheave; on the shaft carry- 
ing this sheave is a similar sheave over which a wire rope passes, 
one end of which is attached to the drum of a hoisting engine 
and the other to a counterweight resting on the ground. When 
the apron is light it may be raised and lowered by the hoisting 
engine, but when a load comes on it is counterbalanced to the 
extent of the counterweight. Some space has been given to a 
description of this device, as so much has been said at various 
times of specialized vessel-loading devices; here is a facility 
which has been developed by degrees and unnoticed, and which 
will load 1,500 tons on a vessel in five minutes. Floats are 
moored, unloaded, reloaded and depart in twenty-five minutes 
at the type of bridge above described, with the further and 
greater advantage that floats may be made of less strength, and, 
consequently, at less cost and of less weight. 

The delivery of freight to steamship piers, to manufactur- 
ing plants not equipped with float bridges, and to public piers 
is made by barges and lighters. 

‘‘Covered barges’’ are used for ‘‘perishable’’ material, 
which term covers a larger field than its name implies, as it 
means almost everything that could be affected by the elements. 
These barges are built of wood, usually about 100 feet long; the 
deck is housed over, and sliding doors are fitted along the sides 
—Plates 9A, 9B. A few of these are provided with stoves for 
heating the interior in winter, and ice boxes to cool them in 
summer. These barges are docked alongside covered piers main- 
tained by the railroads at their rail terminals and confined to 
box-car freight. The tracks extend the length of the pier, and 
freight is unloaded directly from the car to the barge wherever 
delivery arrangements will permit. Unfortunately, this is not 
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always possible, and the storage and rehandling of a consid- 
erable amount of freight on the piers is a waste that it seems 
impossible to overcome. The freight is moved on hand trucks ; 
while various mechanical devices have been tried, none has been 
found to be economically successful; the small electric truck 
with low platform is the nearest competitor and this can be 
made to handle some classes of freight more economically than 
the hand truck. The barges have a capacity equal to seven 
cars; but they are seldom fully loaded, as a consignment rarely 
calls for this exact amount; for adjacent distant deliveries sev- 
eral consignments will be loaded in one barge, but for delivery 
to nearby points it is frequently more economical to put only a 
few car loads in a barge and complete the delivery of the ship- 
ment. Supplementing these house barges, a self-propelled type 
is growing in favor—a steel-hull boat 120 feet long, with the 
deck housed over, having a capacity equal to twelve cars, as 
illustrated on Plates 10A, 10B. Originally designed for the 
quick delivery of certain classes of freight, its functions have 
been largely extended, as it has been found that for small ship- 
ments it is a strong competitor, in efficiency, with the towed 
barge. These vessels are loaded at night with a large number 
of consignments and make deliveries to the various piers during 
the following day. They carry a crew of stevedores, so as to 
avoid delay in unloading on arrival at a pier. The vessels have 
a speed of about 10 knots, and the form of the hull and the 
efficiency of their steering arrangements permits them to pass 
rapidly from point to point and maneuver quickly about the 
always crowded piers. 

Open freight is handled on barges, or lighters, as generally 
termed, on which derricks take the place of houses; and because 
the weight they carry in units and in total amount is consid- 
erably more than is carried on house barges, more attention is 
given to their towing resistance. The smaller ones, shown on 
Plate 11, carry about 250 tons and are built of wood, with ship- 
shape ends. The derricks on these are hand operated, of about 
3-tons lifting capacity. Usually these boats are loaded by the 
cranes maintained by the railroads at their open piers, the 
boats’ derricks being used for unloading at the delivery point. 
For heavier unit loads and increased capacity, steam-operated 
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derricks are installed on steel-hull barges about 100 feet long, 
shown on Plates 12A, 12B. These vessels will carry 450 tons; 
their derricks will lift 10 tons and are fitted with booms 75 feet 
long, so as to reach to a second or third track on a pier. Every 
movement of the boom is mechanically operated. Supplement- 
ing the towed barges, self-propelled vessels, following the lines 
of the self-propelled house barges, are used, where, of course, 
steam-operated derricks take the place of the houses, and are 
used in a similar manner to the house barges for the delivery 
of small consignments. Very few roads maintain floating equip- 
ment capable of transporting heavy and unusual unit weights; 
they depend upon one of the wrecking and lighterage concerns 
to perform this intermittent service. 

To move the car floats and barges that are not self-propelled 
from point to point, tugboats are employed. These vessels take 
their “‘tow’’, when loaded, to the delivery point, and usually 
pick up a ‘‘tow’’ in the vicinity on their return, their work 
being confined to the business of the road by which they are 
employed. The crowded condition of the harbor requires them 
to take their tow alongside for better control, and for this reason 
their guards and deck must be very strongly constructed. In 
the design of these vessels, the prevailing idea is to install the 
maximum of power in the minimum of space, as, naturally, the 
smaller the vessel the more easily it is maneuvered—a most 
important feature. The prevailing type of tug used for towing’ 
car floats and the heavier barges is shown on Plates 13A, 13B; it 
is about 105 feet long, has 650 i. h. p., and a displacement of 300 
tons. They are fitted with steam steering-gear, electric hghts, 
fire-pumps and wrecking suction-hose. Most of these vessels 
are operated the full 24 hours, but their crews are not berthed 
on them, as they prefer to spend their time ashore when off 
duty. A smaller size tug, of similar design, is used for towing 
the smaller lighters, and a still smaller tug is used in the shift- 
ing of barges around the piers to place them in the most advan- 
tageous position for loading, doing on water what the ‘“‘drill 
engine’’ does on land. The little boats, Plates 14A, 14B, have a 
form of hull particularly adapted for maneuvering, have ample 
steering facilities, and contain little else than their motive power. 

The operation of this equipment is controlled from a central 
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office, where a record is kept of the location of each vessel, and 
orders to each are issued therefrom, these orders being usually 
transmitted by telephone to the nearest station where the vessel 
is expected to report; supplementing this method, ‘‘runners’’ 
are employed to expedite the unloading and releasing of barges 
at the various piers outside the company’s stations. 

The transportation of coal to Manhattan is, as might be 
supposed, an important feature. The domestic supply is pro- 
vided for in two ways:—by car float delivery to a few stations 
reached over float bridges, and by trucking over the ferries— 
the latter method being the greatest in volume. Manufacturers 
adjacent to the water front and steamships take their supply 
from barges, which are in most cases loaded at rail terminals 
devoted entirely to coal and located some distance from Man- 
hattan, the furthest being twenty-five miles. These barges are 
built of wood, box form, in various capacities up to 1,200 tons. 
A type is shown on Plates 15A, 15B. They are loaded from a 
trestle or by a car dumper and are then gathered together in 
a ‘‘tow’’ by a drill tug of the type above described. Hawsers 
are made fast, and the ‘‘tow’’ is then taken up by a tug of 
larger size and brought to the harbor for distribution; the 
barges are arranged three to four abreast and in tandem, until 
it is not unusual for a tow to contain twenty-eight boats. The 
most powerful tug used in this service is shown on Plates 16A, 
16B. This vessel is built entirely of steel, is 118 feet long, has 
twin screws, and a total of 900 ih.p. In making the journey, 
nature is called upon to assist, by arranging the departure so 
that the tide will always favor the voyage. On arrival in the 
harbor, assisting tugs will pick up the various boats, take them 
alongside, and deliver them to the various piers to which they 
are consigned. 

The above describes what may be termed the floating 
equipment of a railroad. The size of each unit and its char- 
acter vary considerably from those individually shown, but 
selection has been made of the most modern design and suitable 
size that experience has seemed to show to be the most 
appropriate. 

The railroad between Cape Charles and Norfolk, Va., op- 
erates a float service that is unusual in results obtained, and 
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deserves notice. The route is over the Chesapeake Bay, and, in 
length, is about thirty-two miles. Heavy ice is never encoun- 
tered and the ice-breaking type of vessel, as used on the 
Great Lakes, is not required. A fleet of floats such as is shown 
on Plates 17A, 17B has been installed. They are of steel, 358 
feet long, carry four tracks, with room for twenty-eight to 
thirty cars, are equipped with steam steering-gear, and are sub- 
divided into watertight compartments so efficiently that while 
they have been damaged by collision, none have yet been sunk. — 
They are towed on a hawser by a tugboat, of 750 i.h.p., at a 
speed between seven and eight knots, as they are of very easy 
form. Undoubtedly, this service is an example of the cheapest 
and safest method of transferring cars by water. 

To give an idea of the equipment necessary to conduct its 
business, a railroad that maintains the greatest amount of float- 
ing equipment has the following in New York Harbor: ten 
ferry boats, thirty-one tug boats, seven self-propelled barges, 
sixty-eight car floats, seventy-one covered barges, seventy-one 
derrick barges, and twenty coal barges. 

Attached is a table giving the important dimensions of the 
equipment described herein. 
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NAME OF 


DISPLACEMENT 


LENGTH WIDTH 8 ENGINES BOILERS RIG NO. 
CLASS (Tons VES. 
VESSEL ay Keel Dec Over a ; 5 7 Heat Grate = i i On Tee 
3 eck Beam Ginrde Light Loaded No. Cylinders IHP No, Pres. Surf. Suri Type Dia Pitch | CLASS 
Newark Pass. Ferry 268’ 290' 42.5) 75.8’ || 18.8" 1136 1287 1 65”/12’ | 1200 2| 56| 8776 | 122| Side Wheel| 25’-8” } 
Piedmont a ‘ 257.1! | 273° 39.5! 74.1' | 15.6! 1212 1375 1 B7"/14! | 1385 2| 60] 5902 Ha) 25'-8" 10 
Santa Clara | ‘ i 273’ 293" 49! 76! 17’ 1580 1814 4 | 20” & 40” | 2500 4| 225] 10,140 | 340]  * 24'-0" | 
Sy S. P. Co. 
Melrose Pass. & Frt. Ferry | 273’ 294’ 43! 76.6’ | 17.9’ 1344 1424 2 |_223"-882"_| 1040 47), 175R 1SkS96un 126) | oe oar 2 
/ 
Navajo River Steamer 219.8’ | 220’ 42! 48’ 8.9! 1033 1260 | 2 a eae 1200 | 1| 175] 3710 | 61)|Stern “ 25-2" 6 
Solano Car Transf. 407’ 424’ 65.5! TOs i ee 3900 4850 4 60"/11’ | 1600 8| 90] 15,784 | 448|Side 30’-0" 3 
San Pablo | Pass. Ferry 226’ | 938/ 36 ev | -17'-8" 84 | 1 | 38-77" | 9500 |28008.|H.P | 19'-9" 2 | 
66) Santa Fe 
Car Floats 260! a72'-8" || (39! 39’-8” | 11-6" | Stack. | 14-45" cars a) 
San Jose Pass. Ferry 175’-4” | 200’ 38’ 58’ 17’ 1115 1 | 18"-27"-42" | 1200 2| 200 45ea| Propeller | 2-8’-4" | 10.5’| 2 
a 28" Key Route 
Fernwood co x 194’-3" | 200 38" 58’ 19.2! 1160 2 ca 2000 2| 200] 4878ea| 140ea ng 2-9'-7" |12.5'| 3 
Cazadero ce 231’ 38" 17! 1682 1 56”/12’ | 1600 2| 90 Side Wheel} 26’ 5 
i N.W. Pac. 
Ukiah Car Ferry 271’ 41/-6" 14'-2" 2564 1 65"/12' | 2200 50 Ge ae 27' 2 
E. T. Jeffry | Pass. Ferry 230! 42! 62'-6" | 19’-6” 1150 | 2 eee 2000 | 4] 200| 10,000 | 234] Propeller | 2-9'-9" | 12’ n 
; Western 
Telephone oy a 201'-6” | 31’-6" 8’-0" 600 Stern Wheel] 25’-6” 1 Pacific 
No. 1 Car Float 272'-0" | 258-4” | 39-0" | 40’-10"| 19’-6" | Zack | 16 cars 2 
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DISCUSSION 


Mr. A. H. Babcock,* Mem. A. I. E. E. (by letter), said if the author 
had been a little more specific in naming the location of the railroad 
whose floating equipment he was describing there would be no necessity 
for calling attention in particular terms to the ferry-steamer equipment 
of the various companies operating on San Francisco Bay. 

In comparison with the tabulation given on the last page of the 
author’s paper, there is presented here a similar tabulation, showing the 
principal dimensions of the various types of vessels operated in the vi- 
cinity of San Francisco. The vessels listed therein are merely typical of 
their class. 

In the concluding paragraph the author gives an idea of the equipment 
necessary to the railroad that maintains the greatest amount of floating 
equipment in New York harbor. Similar figures for San Francisco 
Harbor would be: 


H 
oO 


Passenger Ferryboats 
Passenger and Vehicle Boats 
Stern-wheel River Steamers 
Car Transfer Vessels 
Ocean-going Steamship 

Tugs 

Launches 

Car Floats (one self-propelled) 
Pile Drivers 

Dredgers 

Mud Scows. 
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The dredgers are all of the suction type. 

The author names the Hudson River ferryboat as the highest develop- 
ment of its type, and gives the dimensions: 210 ft. long, displacement of 
approximately 1000 tons, capacity for 2500 passengers, motive power 900 
ihp., and speed of 10 knots. The tabulation shows for the vessels on San 
Francisco Bay lengths up to within a few feet of 300, displacements from 
1100 to 1800 tons; the larger passenger vessels carry life-preservers for 


3500 passengers; the i. hp. ranges from 1200 to 2500. Many of the vessels. 


operate at a schedule speed of very approximately 16.5 knots. 

The author calls attention to the methods for the loading and discharg- 
ing of passengers and vehicles on the New York ferryboats, which are 
utterly incomprehensible to one who is accustomed to the methods ordi- 
narily in use in San Francisco Bay, and who is disposed to observe the 
methods used in New. York harbor with some amusement. On the west 
coast the cost of a single typical ferry slip with one half of the dolphin 
on each side will be $80,000, and the cost of the car ferry slips, $245,000; 
the side aprons for the handling of passengers cost approximately $14,500 
per slip. Space does not permit a complete analysis of such structures as 


* Consulting Electrical Engineer, Southern Pacific Co., San Francisco, Calif. 


My. 
Babcock, 
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Babcock. 
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the aprons at Port Costa and Benicia, where transcontinental trains are 
ferried across a river. The cost would mean little, because of local condi- 
tions that make very expensive piling necessary. 

The ferryboats as operated today are the logical developments of a 
traffic that originated in the travel from San Francisco to the gold dig- 
gings, that is to say, up the various rivers. The vessels at that time were 
of the walking-beam type with large slow-speed wheels and very low 
boiler pressures. In those days there was no settlement on the east side 
of the bay to make necessary the swift, large, double-end boats now oper- 
ated. When these were first developed they were merely modifications of 
the river steamers. One of the original vessels is now in service; her 
length is 225 ft., loaded displacements 697 tons, i. hp. 250. Step by step, 
as conditions changed, the dimensions of the vessels were increased, 
without, however, changing materially their general characteristics, until 
the first double-ended propeller boat was built about seventeen years ago. 
Owing to the limited draft of this vessel, made necessary by a shoal over 
which she was obliged to operate, it cannot be said she is a satisfactory 
vessel for ferryboat service, and it is probably well within the facts to 
state that all of the propeller boats now operating in this passenger serv- 
ice are satisfactory in inverse proportion to their over-all dimensions. For 
these reasons the latest developments are steel hulled, similar in shape to 
the double-end type originally developed, but equipped with horizontal 
inclined engines, one or two on each paddle wheel, according to the indi- 
viduality of the designing engineer. 

Ice is never known in San Francisco harbor, consequently one of the 
chief advantages of a propeller-driven ferryboat disappears, as far as this 
locality is concerned. 

Some persons who have traveled a great deal and who have seen dif- 
ferent types of ferry equipment in different parts of the world have ex- 
pressed themselves to the effect that ‘‘the highest development of the 
type’’ is to be found somewhere else than in the neighborhood of New 
York. 


Paper No. 93 


ELECTRIC MOTIVE POWER IN THE OPERATION OF 
RAILROADS. 


By 


WILLIAM HOOD, M. Am. Soe. C. E. 
Chief Engineer, Southern Pacific Co. 
San Francisco, Calif., U. S. A. 


In considering the question of electric motive power versus 
the use of steam locomotives, the probability of the electric 
motive power being proper for adoption is evidently greater 
when a new railroad is to be equipped than if the question per- 
tains to an existing railroad, and les between retaining the 
steam locomotives or purchasing new electric locomotives in 
addition to the other expenses of equipping the road for elec- 
trical operation. 

This question is especially important when the existing 
railroad is an extensive suburban system, with steam loco- 
motives and cars of special adaptation to the service and not 
suitable for general use on a steam-operated main line, and 
which suburban system is giving satisfactory returns on the 
investment. 

In such a case the change to electrical operation, with the 
probability of cost being much in excess of the estimates and 
the possibility of increase of traffic being much less than pre- 
dicted, together with the practical loss of the original rolling 
stock may transform a satisfactory, remunerative property into 
a heavily losing investment for a disastrously long period. 

That is, the probabilities of the propriety of electrical 
operation are: 

(1) Greatest on a new main line railroad; 

(2) Next greatest on an existing main line railroad when 
the equipment, other than motive power equipment, will not 


be changed; 
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(3) And next greatest on a portion, that is on one or more 
operating divisions of an existing main line railroad, when the 
equipment, other than motive power equipment, will not be 
changed ; 

(4) And least on a railroad when electrification involves 
serapping or nearly corresponding salvage value of existing 
equipment. 

When these matters are under consideration, the amount 
of risk to investors depends on whether the one making the 
decision is in charge of matters that he does understand and 
also of matters that he does not understand, the decision being 
either a matter of fiat or otherwise, as the case may be. 

The inconveniences of electrical operation of part of a 
main line, a division or more, have been so fully discussed as 
to require no more than mention, as for instance, the certainty 
of increased investment for motive power of both classes over 
that required for operation of the entire road either by steam 
or by electric locomotives. 

When this partial method is correctly adopted, the evi- 
dent disadvantages of the two kinds of motive power must 
have been more than balanced by the saving due to the elec- 
trical operation of the parts of the road so operated. 

The question of whether or not to adopt electric motive 
power on a portion, for instance on an operating division, of a 
main line elsewhere operated by steam locomotives is espe- 
cially likely to be taken under advisement in reference to a 
mountain operating division having a steep grade system of 
considerable length, the electric operation at first glance ap- 
pearing particularly attractive on such a piece of railroad. 

Evidently such a railroad if already built with a double 
track is more conveniently operated either with electric loco- 
motives or with steam locomotives, than if built with only a 
single main line track. 

The opinion that is sometimes entertained, however, that 
in cases where a single-track road is already overburdened 
with traffic as handled by steam locomotives, the substitution 
of electric locomotives will materially postpone the expendi- 
ture necessary for double tracking the road is not always cor- 
rect, excepting with the condition that an unusual and, per- 
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haps properly termed, unreasonable and impracticable amount 
of electric power is available at a cost that can be properly 
contemplated. 

The reason for this condition is that on a single-track 
mountain railroad operating division with a steep grade system 
and having a considerable number of daily passenger trains 
throughout the year, the time of passage of these trains over 
the mountain division cannot be materially modified, owing to 
necessary business adjustment of times of departure from and 
arrival at important terminals. And with a considerable 
freight traffic at all times, and perhaps several times the aver- 
age freight traffic at certain seasons of the year, it is necessary 
to move a number of freight trains of maximum practicable 
size one after the other, and as near as practicable to each 
other, up the steep grade, at such periods of the twenty-four- 
hour day as will least interfere with the passenger train move- 
ments. 

This is accomplished without difficulty with the use of 
steam locomotives, which, per varying necessities of traffic vol- 
ume, can be used on any operating division. 

When such mountain operating division is operated elec- 
trically, however, not only must the adequate number of elec- 
tric locomotives be on hand for meeting these traffic conditions, 
but the amount of electric power available must correspond to 
the special traffic requirements. 

The following table gives an approximate statement of 
electric power required on mountain grades under the condi- 
tions and approximate assumptions stated. 

It will be noticed from the following tabulation that on 
2.2% up-grade there will be required about the following power- 
house delivery into transmission line of ordinary length by a 
hydraulic plant in the general vicinity of the railroad. 


Passenger train of 250 tons exclusive of locomotives..............-. 1600 kilowatts 
Passenger train of 400 tons exclusive of locomotives................ 2300 kilowatts 
Freight train of 2000 tons exclusive of locomotives...............--- 4900 kilowatts 


By the necessary method of operation of a single-track road 
heretofore outlined, the maximum power-house output for freight 
trains only, at certain seasons of the year, might reach about 
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40,000 kilowatts, with perhaps 8000° kilowatts for passenger 
trains, being about 48,000 kilowatts in all, and possibly more; 
while for much of the year the requirements would be very con- 
siderably less, making an undesirable method of power produc- 
tion as to cost of operation and of installation. 

In general, a transportation company will find it impolitie to 
attempt to equalize power production and fluctuating consump- 
tion on so large a scale by entering the market and selling power 
to suitable consumers in competition with power producing com- 
panies regularly in the business of supplying the market. 

This results in the cost of power to a railroad company for 
operating a mountain division being, in general, equal to the 
entire cost of operating the power house or houses and their 
related plants plus the entire fixed charges, without very ma- 
terial variation in this cost on account of variations in amount 
of traffic as between seasons of the year or as between the several 
years. 

That is, the cost of power under these conditions has no 
direct relation to the actual power expenditure for conducting 
transportation, and in a way is analogous to the fixed charges 
pertaining to power-plant installation, as well as to the fixed 
charges pertaining to the cost of the railroad itself, which fixed 
charges are constant, regardless of traffic fluctuations. 

On a similar mountain division having 2.2% grade and with 
a double track, the conditions would evidently be much more 
favorable, and the maximum power-house output for freight 
trains only at the heaviest traffic period might be no more than 
10,000 kilowatts, with perhaps 8000 kilowatts for passenger 
trains, being 18,000 kilowatts in all; while for much of the year 
the requirements would be considerably less. 

In general, the cost of double tracking a mountain division 
will be so great that it should not be done until absolutely neces- 
sary, especially in view of possible failure of traffic to increase 
or even remain constant, on account, for instance, of the con- 
struction of competitive lines, entered into judiciously or other- 
wise. 

Evidently on light grade railroads the question of amount 
of installation of power plant versus fluctuations of traffic is less 


serious. 


Mr. 
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The reduction in the necessary production of electric energy 
by the returning to the line of energy produced by the control 
of descending trains on a mountain division, electrically ope- 
rated, might be worth the expense of installation of the necessary 
appliances as effecting some fuel saving in a steam-power elec- 
tric-generating station; but when the electric energy is de- 
veloped in a water-power station, the power saving would be 
of doubtful value, and in particular because, as heretofore out- 
lined, the cost of power so produced is not per kilowatt hour or 
any usual function, but is essentially so much per year, regard- 
less of any ordinary fluctuations of power requirements. 

The increasing cost of fuel for steam locomotives or for 
steam electric-generating plant tends to hasten the time when 
railroads will be operated by electric power generated by hy- 
draulie plants, particularly on mountain grades. 

Presumably much more would have been accomplished in 
this direction if the National laws and regulations had been so 
modified as to giye to railroad companies the necessary confi- 
dence to enable them to make the very large investment required. 

Some large water-power locations made by railroad corpo- 
rations with a view to their development and utilization for 
mountain railroad operation have, after considerable prelimi- 
nary expenditure, been abandoned when it was found that after 
the instailation expenditure, the right to continue the opera- 
tion would depend entirely on the several successive Secretaries 
of the Interior. 

This condition is well understood and preliminary steps 
have been taken at times to correct it, but without satisfactory 
results in the way of legislation. 


DISCUSSION 


Mr. William Hood, to the questions: 
(a) As long as large power companies are in operation and parallel the 
railways, is it not possible for the railways to purchase power from them? 


(b) What makes the great difference between the load on a single- and 
double-track system as stated in the paper? 


(c) In figuring the consumption of power was any account taken of the 
regeneration of power? 
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Answered: Mr. 

(a) That the first thing that would occur to one was the purchase of Hood. 
power, but that never yet had they been able to get a power company to 
give an unqualified answer that it could furnish the requisite amount of 
power at any time. If the power company is forced to install new equip- 
ment to handle the railroad load it wants the railroad company to stand 
the expense. 

(b) That the great difference is on account of the better distribution of 
freight traffic on the double-track line. 

(ec) That the regeneration of power had not been considered in the 
estimate. 


Paper No. 94 


ELECTRIC MOTIVE POWER IN THE OPERATION 
OF RAILROADS. 


By 


E. H. McHENRY, M. Am. Soc. C. E., Mem. Can. Soe. C. E. 
New Haven, Conn., U. S. A. 


DEVELOPMENT AND PRESENT STATUS. 
General. 

The evolution of electric traction as applied to the opera- 
tion of standard railways has advanced along two distinct lines 
of development: In one line there has been a normal develop- 
ment in progressive steps, beginning with the earliest success- 
ful commercial application of the new method of motive power 
to light surface railways in Richmond, Va. (1888), culminat- 
ing in the heavy high-speed motor car trains of today ; while in 
the other line the many faults and disabilities of steam opera- 
tion in subways, tunnels and large passenger terminals created 
the need for some better form of motive power capable of per- 
forming the same functions and forced the very rapid develop- 
ment of an electric locomotive, which, hke Minerva, sprang 
full grown into existence. In both lines the first commercially 
practicable installations were completed almost simultaneously, 
and although originating in widely separated classes of ser- 
vice and for very different reasons, have since steadily con- 
verged to a common goal. 

Light Surface Railways. 

A very rapid development and extension followed the sue- 
cessful issue of the epochal installation at Richmond, Va., by 
F. J. Sprague, which, of the many early experiments, has alone 
survived the test of time. The length of the light city and 
suburban routes then in existence was usually within the eco- 
nomic radius of the earlier power stations, which supplied low 
tension continuous current direct to an overhead contact wire, 
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but it was soon evident that the valuable possibilities afforded 
by higher speed and larger cars were severely limited and 
restricted by the relatively short distances over which the cur- 
rent could be economically transmitted, thus tending to retard 
further progress. 

Interurban Railways. 

These limitations were soon overpassed and the next great 
step in advance was made possible by Tesla’s invention of the 
polyphase system, in which are retained the economical features 
of long distance, high-tension transmission, and which converts 
high-tension alternating currents into low-tension continuous cur- 
rents by transformers and rotary converters installed in local 
sub-stations located at intervals along the line of route. The 
earliest application of this system to interurban traffic was 
made in 1890 by the Twin City Rapid Transit Company be- 
tween St. Paul and Minneapolis. Mr. E. P. Burch in his val- 
uable compendium ‘‘Electric Traction for Railroad Trains’’ 
(1911), in referring to this stage of development, notes: ‘‘In 
the whole history of transportation no development has been 
more wonderful and important than that of the electric inter- 
urban railways’’. For convenience, all railways of this class 
may be considered to include those intermediate between the 
light surface street railways and the ‘‘so-called’’ steam rail- 
roads, although no precise lines of demarcation can be estab- 
lished at either limit. Many such lines fulfill all the require- 
ments and functions of a high class steam railroad, but in gen- 
eral the service is of a lighter character and more particularly 
designed for passenger traffic. The number of lines of this 
character in existence today in all parts of the world almost 
defies enumeration, and their economic value is very large. 
Subway and Elevated Lines. 

Railways so classified properly form a sub-group under 
the general head of Interurban Railways. The adoption of 
electric traction in such service was the logical result of the 
wider field of operation afforded by the success of Tesla’s poly- 
phase system. The more or less complete elimination of smoke, 
sparks, cinders, heat and gases permitted by electric traction 
peculiarly adapts it to urban conditions, more particularly in 
subways in which additional and even more important advan- 
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tages are gained in the greater safety and increased track 
capacity. 

In the earlier stages of development, motor cars were oper- 
ated singly or in light trains with a motor car hauling one or 
more ‘‘trail cars’’, of which the Intramural Railway at the 
World’s Fair in Chicago, 1893, was perhaps the earliest exam- 
ple, but it was not until after the invention of the first practic- 
able system of multiple unit control by F. J. Sprague, and its 
adoption by the West End Elevated Railroad in Chicago in 
1898, that the full utilization of the inherent economy and ad- 
vantages of electric traction in motor car trains became pos- 
sible. 

Steam Railroads. 

It is unfortunate that no distinctive and precise appella- 
tion for converted railroads of this class has yet been adopted, 
nor is it easy to suggest one, as they do not possess a single 
distinctive feature of operation which is not shared in common 
by the lighter lines. The somewhat awkward term of ‘‘electri- 
fied railroads’’ is frequently applied to railroads of the class 
generally operated by steam locomotives in the heavier and 
higher class of transportation service, but a better term is very 
much needed. All things considered, the term ‘‘Standard 
Railways’’ adopted by Mr. E. P. Burch, seems most satisfactory. 
The distinction between converted steam railroads and new 
electric railroads of the same class will probably disappear as 
more new railways for electric operation are constructed. The 
history of the development in this field is virtually a repetition 
of that of the lighter lines, beginning a little later in the order 
of time and ultimately reaching a more advanced stage of 
progress through the same series of steps in a higher order of 
service. 

A recital of the earlier experiments by Tesla, Villard, 
Sprague and others may be omitted as lying outside the scope 
of this paper, but it may be of interest to note that the first 
serious consideration of the application of electric traction to 
heavy railroad service was undertaken by Mr. Henry Villard, 
who appointed a commission early in 1892, of which the writer 
was a member, to investigate and report on the feasibility of 
electrically equipping and operating the main line of the North- 
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ern Pacific Railroad. This commission visited the works of all 
prominent electrical manufacturers in the United States in 
existence at that time, but made no substantial progress apart 
from the completion of a schedule of service requirements and 
general specifications for an electric locomotive substantially 
as constructed in the course of the following year by the North 
American Company under the direction of its President, Mr. 
Henry Villard. The great advance since that date may be best 
illustrated by referring to a design of locomotive then pre- 
sented by Mr. Thomas A. Edison, which embraced an engine 
with two four-wheel trucks with centrally mounted D. C. 
motors transmitting power to the driving wheels by an ar- 
rangement of rope drives and belt tighteners. Electric current 
was to be taken from an unprotected third rail located in the 
center of the track, at 30 volts. 

Light Passenger Service. 

The subsequent evolution following these crude begin- 
nings at first separated into two distinct lines of progress, as 
before noted; in one of which the primitive type of motor cars 
hauling one or more trailers was simply substituted for the 
steam locomotive previously used, from which the powerful 
high-speed motor car trains of today have grown. The pioneer 
installation of this kind was made on the Nantasket Beach 
Branch of the New York, New Haven & Hartford Railroad 
Company in 1895, which was only seven miles in length 
Gi.26 km.). 

Tunnel Lines. 

The necessity for some form of motive power better 
adapted to conditions of tunnel operation, and free from the 
many objections attending the use of steam engines in similar 
service, forced the almost simultaneous development of an elec- 
trie locomotive of sufficient tractive and horse power to afford 
a satisfactory and efficient substitute for the steam engine then 
in use. The first commercially practical engines of this kind 
were operated by the Baltimore & Ohio Railroad through its 
Baltimore Tunnel in 1905; only a few months later than the 
initiation of electric service on the Nantasket Beach line above 
mentioned. The five electric engines installed were of 1000 
h.p. each and are still in active service. The great gain in 
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Fig. 1. Boston & Maine Railroad, Hoosac Tunnel. Tunnel and approach 
construction. 
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track capacity, safety and other benefits was immediately ap- 
parent and the present list of tunnel sections so operated is a 
very long one, including such notable examples as the Balti- 
more Tunnel, B. & O. R. R., 1905; Woodlawn Tunnel, N. Y. C. 
& H. R. R., 1907; Sarnia Tunnel, Grand Trunk Railway, 1908; 
Cascade Tunnel, Great Northern Railway, 1909; Detroit River 
Tunnel, 1910; Hoosac Tunnel, B. & M. R. R., 1911,—all in the 
United States, and the longer Simplon, Létschberg, Mont 
Cenis and Arlberg Tunnels in Europe. The five-mile tunnel 
of the Canadian Pacific at Rogers Pass, B. C., will also be elec- 
trically operated upon its expected completion in 1916. The 
operation of mountain sections of high resistance properly de- 
mands a classification of its own as the factors to be taken into 
consideration in this class of service are quite distinct from 
those influencing a choice of motive power for tunnel operation, 
but tunnels and mountain lines are usually so inseparably asso- 
ciated that with one or two possible exceptions there are no in- 
stallations of this kind which have not primarily been influ- 
enced by the existence of important tunnels. 

Railroad Terminals. 

Next in the order of time and importance, electric traction 
was adopted in large terminals, to which it is peculiarly well 
adapted. The high value of real estate and the frequent tun- 
nels, multiple track levels and many other advantages of the 
new form of motive power, forced its adoption even in advance 
of the time when such applications had become practical and 
available. 

By an Act of Legislature of the State of New York (May 7, 
1903) the New York Central and the New Haven systems 
were required to operate their trains within specified lmits in 
the City of New York on or before July 1, 1908, by some form 
of ‘‘motive power other than steam which does not involve 
combustion in the motors themselves’’. It was the primary 
purpose of the legislation to insure greater safety in the opera- 
tion of the well known Park Avenue tunnel, but the practical 
effect was to force the conversion to electric traction of a four- 
tracked main line section twelve miles in length, including 
Grand Central Terminal in New York City. The magnitude, 
complexity and high traffic density of this great passenger ter- 
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minal made necessary the solution of many new and formid- 
able problems on a much higher plane of operation than had 
been previously attempted, which was successfully accom- 
plished by the engineers of the New York Central & Hudson 
River Railroad. 

Only less remarkable, because less novel, is the Pennsyl- 
vania’s great passenger terminal in New York City, which was 
completed two years later and operated by electric power from 
the beginning. Other railroad terminals have been electrified 
in this country and abroad, some of which antedate the two 
most prominent examples already cited. The latest addition 
to the list is that of the Mt. Royal Tunnel and Terminal of the 
Canadian Northern at Montreal, Can., now nearing completion. 

The public interest in this phase of electric traction is very 
keen and has forced upon the railways the consideration of 
similar installations in many of our great cities. Of all such 
projects, the most important is the proposed electrification of 
all railroads within the city limits of Chicago, which is now 
under consideration by a commission especially appointed to 
study and report upon its feasibility and cost. This great 
project includes 4501 miles (7242 km.) of single track in two 
zones, of which 2819 miles (4536 km.) is included within the 
inner zone or city lmits. The great capital expenditures re- 
quired, together with inadequate returns upon the invested 
capital, tend to retard progress on all such projects, and under 
present conditions of failing income due to the prevailing com- 
mercial depression and to the blighting repression of the Inter- 
state Commerce Commission, no material advance may be ex- 
pected in the immediate future. 

Switching Yards. 

Electric switching was initiated very early and has now 
reached an advanced stage, best represented in the Mott Haven 
Yard of the New York Central & Hudson River Railroad, the 
Sunnyside Yard of the Pennsylvania and the Oak Point and 
Harlem River Yards of the New York, New Haven and Hart- 
ford Railroad,—all within the city limits of New York. The 
two largest vards of the New Haven Road include 60 miles 
(96.5 km.) of trackage, transfer float bridges, freight stations 
and general facilities of all kinds for handling the immense 
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volume of freight traffic of the New Haven system to and from 
New York City. 
Long Distance Traffic. 

It is impossible to preserve absolute continuity in attempt- 
ing to trace the progressive development of electric traction in 
all of its applications, as such developments must necessarily 
overlap and merge in ever increasing degree until the entire 


Fig. 2. New York, New Haven & Hartford Railroad. Harlem River Branch, Oak 
Point Yard. Switch engine at work. Single-phase. 


field of railroad service is covered, including passenger and 
freight traffic; yard and terminal switching, and the movement 
of baggage, mail and express matter in the heaviest class of 
long distance trunk line service. 

The Long Island Railroad was the first steam road to equip 
its lines for passenger travel on an extensive scale (1905), and 
the Spokane & Inland Empire, which while not originally a 
steam road, was the first to attempt long distance heavy freight 
traffic in 1906, and now operates 216 route miles (347.5 km.) in 
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its electrified system. Later and more advanced examples of 
railroad electrification in this class in the United States are 
afforded by the New York, Westchester & Boston; Norfolk & 
Western; Baltimore & Ohio and Chicago, Milwaukee & Puget 
Sound. 

European railways are more difficult to classify as their 
service is usually of a lighter character and the electrification 
has been more often influenced by terminal and suburban con- 


Fig. 3. Denver & Rio Grande Ry., Salt Lake Division. Mountain operation on 4% 
grade. Grades reduced to 2% in 1913. 


ditions, or by the existence of high grade tunnel sections of 
line, but such important examples as the London, Brighton & 
South Coast Railway in England; the Midi Railway of France; 
the Dessau-Bitterfeld and Lauban-Konigszelt electrifications of 
Germany and the Valtelina Railway of Italy are typical rail- 
ways of the same general class. 

Of the examples cited, the New York, Westchester & Boston 
of the New Haven system presents the highest type of develop- 
ment in passenger service, for which it was primarily designed ; 
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this road having been electrically operated from the date of its 
completion. 

The installation by the Butte, Anaconda & Pacific, Nor- 
folk & Western and the Chicago, Milwaukee & Puget Sound 
afford modern and interesting examples of the application of 
electric traction to heavy freight traffic; which in all three 
cases was chiefly influenced by the existence of sections of 
heavy mountain grades. The Butte, Anaconda & Pacific is an 
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Fig. 4. New York, New Haven & Hartford Railroad, Harlem River Branch. Six- 
track main line tangent construction. 


ore-carrying road operating between the mines and smelters of 
the Anaconda Mining Company at Butte and Anaconda, and 
has sections of high grades at both terminals. A heavy coal 
and ore traffic is conducted in trains of fifty loaded cars of 
3400 tons (3085 tonnes). The electrification of the entire mile- 
age is nearly complete, comprising thirty miles (48.3 km.) of 
main route or ninety miles (144.9 km.) of total trackage. Elec- 
tric operation has been recently initiated. 
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A later mountain electrification, still under construction, 
is that of the Norfolk & Western between Vivian and Bluefield, 
West Va., including about thirty route miles (48.3 km.) or 
seventy-five miles (120.7 km.) of total track. This is a section 
of high grade over which it is proposed to conduct a heavy 
coal traffic on 2% maximum grades in trains of 3250 tons 
(2768 tonnes). 

The latest and most interesting project is that of the Chi- 


Fig. 5. New York, New Haven & Hartford Railroad, Harlem River Branch. Freight 
engine and train—single-phase. Six-track main line tangent construction. 


cago Milwaukee & Puget Sound, which has quite recently an- 
nounced its decision to equip for electric operation four engine 
districts of its main line from Harlowton, Mont., to Avery, 
Idaho,—a distance of 440 miles (708 km.) of which the first 
engine district between Deer Lodge and Three Forks, 113 
miles in length (182 km.), will immediately be placed under 
construction. The total section includes several long mountain 
inclines on the Belt, Rocky Mountain and Bitter Root Moun- 
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tain ranges, with maximum grades of 2% which it is proposed 
to operate with trains of 2500 tons (2268.6 tonnes). While the 
main line is single-tracked only and the traffic density is rela- 
tively low, in point of combined train weights and length of 
route, this electrification will mark the point of furthest ad- 
vance in this particular field. 
Heavy Trunk Lines. — 

There is as yet little to be written under this head, but 


Fig. 6. New York, New Haven & Hartford Railroad, Harlem River Branch. Mul- 
tiple-unit passenger train, six-track main line tangent construction. 


broad foundations have been laid and the outlines of the future 
superstructure have already taken shape. The great installa- 
tions of the Pennsylvania and the New York Central & Hudson 
River Railroad Companies at New York City have not yet ex- 
tended beyond the terminal and suburban zones for the trans- 
portation of passengers, baggage, mail and express; nor does 
the service include any part of the enormous volume of freight 
traffic within these zones, but a large proportion of the expen- 
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ditures already incurred will become available and applicable 
to freight traffic with more extended operating limits and when 
electric operation is made general and homogeneous. The elec- 
trification of the Pennsylvania lines in and about Philadelphia, 
which has been already begun between Philadelphia and Paoli, 
20 miles (32.2 km.), is a long step in this direction, and fore- 
shadows continuous electric operation between New York and 
Washington at no distant date. The greatest progress in ex- 
tended homogeneous trunk line operation has been attained 
by the New York, New Haven & Hartford Railroad, which has 
completed the equipment of its four- and six-track main routes 
to New Haven, Conn., within the past year and now operates by 
electricity trains of all classes between New York and New 
Haven, 73 miles (117.5 km.). All steam engines will be elimi- 
nated when the full quota of electric engines and cars has 
been received. The route and track mileage of the electric zone 
operated by the New Haven Road within these lhmits, including 
joint trackage and controlled lines, is 112 route miles (180 
km.) and 633 miles (1019 km.) of single track of all desecrip- 
tions. 

A comprehensive review of the progress to date and the 
present status of standard railway electrification is best af- 
forded by the tabulated data recently compiled by Mr. Edward 
P. Burch of Minneapolis, appended hereto, which is believed to 
afford the latest and most reliable list now available. 


ADAPTATION TO TRAFFIC REQUIREMENTS. 
Advantages. 

The adaptation of electric traction to the requirements of 
railway service in many cases seems almost perfect, as many 
of the objections and limitations of the older steam service are 
avoided and the advantages are so numerous and diversified 
as to permit only a brief mention of the more salient features. 
The relief from annoyances and losses due to smoke, cinders, 
hot gases and the reduction of fire risks is general and of high 
commercial value. In tunnels and terminals the value of these 
improved conditions is increased and further augmented by 
additional gains. 

L. C. Winship, Electrical Superintendent of the Boston & 
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Maine Railroad Company, in a recent article on the electric 
operation of the Hoosac Tunnel, (434 miles, 7.7 km.) notes ben- 
efits arising from the electric operation of this tunnel since its 
completion in 1911 as follows: Maximum train tonnage ra- 
tings increased from 1300 to 3200 tons (1179-2904) tonnes) ; 
track capacity doubled; overtime wages decreased; better rail 
adhesion; unobscured signals; no asphyxiation of engine and 
train crews; reduced track maintenance; life of rail and fast- 
enings increased from 31% to 4 years to 10 to 12 years; drier and 
cooler air and greater comfort to passengers and employees. 

The same advantages are gained at electrically operated 
passenger terminals in more or less degree, together with other 
advantages of great commercial value, more particularly by 
the better utilization of costly terminal real estate and aug- 
mented capacity permitted by multiple track levels and im- 
proved conditions of operation. 

In large terminals and switching yards, electric switching 
service is peculiarly convenient and profitable. The fuel sav- 
ing is maximum and the engines are much better adapted to 
the service conditions and requirements. J. A. Droege, Gen- 
eral Superintendent of the New Haven Road, advises that the 
use of such engines permits actual continuous operation, par- 
ticularly in eight-hour yards, and cites a case in which one 
engine worked continuously for thirty days in switching ser- 
vice without delays for repairs or other attention. 

In passenger service the higher rates of acceleration per- 
mit faster train schedules; terminal delays and terminal switch- 
ing are reduced; also the train mile cost. Similar gains are 
made in every branch of service, to which may be added the 
advantage of higher train speeds, greater engine horse power 
and increased engine mileage,—all of which are features of high 
commercial value. ‘‘Three round trips between New York 
and Bridgeport, Conn., can be made in the same time with elec- 
trie freight engines as are required for two round trips with 
steam engines’’—J. A. Droege, General Supt., INDGY AN. a Gee 
R. R. 

At engine terminals the necessity for coal and water sta- 
tions, ash pits and turntables is eliminated and roundhouse 
expenses are much reduced. Much less time is lost in shop- 
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ping engines as the repairs are less in amount and the necessity 
for general overhauling at intervals of 12 to 15 months is 
avoided. 

The design of electric engines permits ready substitutions 
of damaged parts with minimum detention in shops. The uni- 
form radial torque of motors contrasts most favorably with the 
uneven ‘‘moments’’ of crank pins. The gain in effective 
‘‘adhesion’’ is about 20% (‘‘Locomotive Operation’’, Hender- 
son, page 206. The electric engine must be credited with a 
further unique and valuable characteristic, in that its horse 
power increases with lower temperatures, thus compensating 
increased friction and radiation losses at such temperatures. 
Also, higher rates of acceleration permit faster train schedules; 
machinery friction is reduced and track capacity is increased; 
time and money are saved at engine terminal in ‘‘firimg up’’ and 
drawing fires; charges for engine fuel and repairs are heavily 
reduced ;—all of which are considerations of great value. 

Large savings are also possible in charges under head of 
‘‘Maintenance of Track and Structures’’, which at least par- 
tially compensate: for. the additional cost of maintaining the 
necessary transmission and distributing systems. 

The life of rails, ties and bridges and other structures 
forming part of the track equipment may be considerably in- 
creased. 

Fire hazards from locomotive sparks and cinders are elim- 
inated; the painting on bridges and buildings needs less fre- 
quent renewals and the recurrent cost of cleaning rock ballast 
of cinders is avoided. 

A cheap and convenient source of power is afforded which 
is almost universally available for all purposes, including train 
lighting and heating; yard, station and other lighting; energiz- 
ing track circuits and other signaling requirements; operating 
pumping stations, drawbridges, transfer bridges, turntables, 
shop tools and machinery of all kinds. 

The list of benefits and advantages isa long one and if 
reduced to equivalent values in dollars and cents would afford 
substantial credits to railway electrification, but there are also 
other charges to be made to the debit side of the account, which 
too often result in an unfavorable balance. 
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: LIMITATIONS. 
Variable Speed. 


The inability of the electric engine to flexibly utilize its 
available horse power by inversely varying speed and tractive 
effort is a severe handicap under some conditions, as later ex- 
plained. 

Diversity of Type. 

Another factor which undoubtedly exercises a deterrent 
effect upon the more rapid adoption of electric traction is the 
number and diversity of the types now under trial, together 
with the yet unsettled opinions of the specialists in this field. 
Reference to the appended list will indicate that the progress in 
Europe has been principally confined to single-phase and three- 
phase systems, while in England and the United States the 
struggle for supremacy has been almost wholly between the 
single-phase and direct current systems. It was both inevitable 
and desirable that evolution should have simultaneously pro- 
eressed along many different lines, as an exploration of so 
broad a field was necessarily antecedent to the adoption of a 
final type through a process of the ‘‘survival of the fittest’’. 
In late years the convergent tendency of all systems to a com- 
mon type is strongly marked. 

The earlier direct-current 600-volt system has progressed in 
successive steps to 1200, 2400 and 3000 volts, with even higher 
stages already foreshadowed, but with rising voltage has been 
forced to abandon the earlier third rail conductors in favor of 
the single-phase high tension overhead distribution system, 
while on the other hand the single-phase systems show a strong 
tendency toward the adoption of direct current motors. 

Three-phase installations have graduated into the split- 
phase system of the Norfolk & Western, in which single-phase 
transmission and distribution are joined with three-phase en- 
gine motors, and the latest development of the mercury con- 
verter in an experimental engine now under trial bids fair to 
reconcile all differences of opinion by combining the chief mer- 
its of all systems into one. The writer cannot refrain from 
betraying his inner convictions at this point by remarking that 
the single-phase system is the only one which permits the sim- 
ultaneous and independent operation on the same track of 
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single-phase, three-phase and direct current locomotives, all 
taking current from the same overhead wire. 
Restricted Radius of Operation. 

Electric traction also labors under disabilities of restricted 
radius of operation, which limits commercial efficiency. This 
is a temporary disadvantage, however, and grows less as the 
zone limits are enlarged. Also, the greater freedom and flexi- 
bility of operation within the zone limits apply in compensa- 


Fig. 7. New York, New Haven & Hartford Railroad. Electric engine—-single-phase. 
Double articulated truck type, 8-motor, 1360 h. p. 


tion, as electric engines are less dependent upon local engine 
facilities and can be used with much more advantage on de- 
tached or outlying service; at intermediate yards; on ‘‘shuttle’’ 
runs and in assistant engine service on relatively short inclines. 
Complexity of System. 

Among the penalties to be paid for each step in advance 
in all lines of development are the ever-growing complexity of 
systems and the higher degree of organization required for 
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operation. Electric traction in its highest form affords a strik- 
ing example of this tendency, as the transfer of the fire-box 
and boiler from the locomotives to fixed locations along the 
line of route leads to the necessity for an intricate and highly 
developed system of inter-related and inter-dependent power 
stations, line equipment and locomotives requiring more highly 
specialized and better paid labor for its proper maintenance 
and operation. 

Continuity of Service. 

There is also a greater concentration of risk both in main- 
taining the physical continuity of service and in the relations 
of railways to organized labor. Regarding these aspects it may 
be said that train delays and interruptions to service are actu- 
ally less frequent than before and that while greater depend- 
ence must be placed upon the operating organization, this must 
be accepted as incidental to progress in all of the applied arts. 
In the evolution of transportation from the two-wheeled cart 
to the electrically operated trains of the present day, each step 
has been attended by increasing inter-dependence between the 
parts and corresponding losses of freedom in the elementary 
units. 

Induction and Electrolysis. 

Induction may seriously impair telegraph and telephone 
service in adjacent circuits, and is more particularly incident 
to single-phase operation. Electrolysis may cause great dam- 
age to pipe systems, under-ground cables and all metal struct- 
ures, but its effects are practically confined to direct-current 
operation. Induction can now be practically eliminated by 
special devices and methods. It is more difficult to eliminate 
electrolysis to the same degree, but more or less satisfactory 
means to this end have been devised. 

Difficulties of Transition. 

Among the minor difficulties should be noted those arising 
in the transition stage in changing from steam to electric 
power, more particularly those incident to train lighting and 
heating; mixed steam and electric operation; engine transfers ; 
track signals; restricted interchangeability of engines and cars 
and other difficulties of adaptation. These difficulties are great- 
est in the earlier stage of the transition, but rapidly diminish in 
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both absolute and relative importance as the zone of electric 
operation is extended. 


FUTURE POSSIBILITIES AND TENDENCIES. 


The trend of future development in so new an art is diffi- 
cult to forecast as it has as yet barely made a beginning in the 
vast field which it is destined to occupy. The problems incident 
to the movement of enormous volumes of long distance freight 
traffic have but recently. begun to receive serious consideration, 
and in the next decade it is probable that the greatest develop- 
ment of electric traction will occur in this branch of railway 
service. 

Speed-Torque Control. 

A better utilization of the possibilities of the electric loco- 
motive is probable, which in one important particular compares 
very unfavorably with the steam engine of the same horse power 
capacity, as it cannot effectively utilize its rated capacity 
throughout the same wide range of variable speed and tractive 
effort, which has the effect of greatly limiting its field of use- 
fulness. This disability is only partially mitigated by various 
methods of extending the operating range by the use of various 
systems of potential and field speed control or of pole-changing 
devices to obtain the desired effect. The radical difference in 
the speed-torque characteristics of steam and electric engines 
will be readily understood by referring to the accompanying 
charts (Nos. 1 and 2) which indicate the necessity for closely 
designing electric engines for the service to which they will be 
assigned, as they cannot be operated above the critical speeds 
corresponding to their horse power ratings without serious 
reductions of horse power capacity; nor can their effective ad- 
hesion be continuously utilized at lower speeds without exceed- 
ing safe temperature limits, or, as an alternative, of accepting 
severe penalties at the other end of the seale. Of the different 
types of motors most available for railroad service, the single- 
phase motor most nearly attaims variable speed with equal 
horse power. 

A fuller discussion of the characteristics of single-phase, 
three-phase and continuous current motors is outside of the 
proper scope of this paper, as it is only sought to show the rela- 
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COMPARATIVE SPEED-TORQUE CHARACTERISTICS 
ELECTRIC AND STEAM LOCOMOTIVES 
(CONTINUOUS RATINGS ) 


CHART No.1. 


A ELECTRIC LOCOMOTIVE, 1907, PASSENGER TYPE, SINGLE PHASE,25 CYCLES SERIES COMPEN- 
SATED MOTORS 4, VOLTS 11000, WHEEL PLAN R-8-2 1 N-YN.H.BH.RR. 


"B DITTO BUT WITH 2 MOTORS. 
"C ELECTRIC LOCOMOTIVE 1911, FREIGHT TYPE, SINGLE PHASE, 25 CYCLES, SERIES COM- 
PENSATED MOTORS 8, VOLTS 11000,WHEEL PLAN 2-8-2, NY.N.H-@H.R.-R. 


"D ELECTRIC LOCOMOTIVE 1913, PASSENGER TYPE, DIRECT CURRENT, SERIES MO- 
TORS 4, VOLTS 2400,WHEEL PLAN O- 8-0, BUTTE, ANACONDA, &@PACIFIC RR 


“E ATLANTIC TYPE STEAM LOCOMOTIVE 1910, CYLINDERS 2015 x 26", BOILER PRESSURE 20017), 
NO SUPERHEAT, HEATING SURFACE 2320 SQ.FT, PENNSYLVANIA RAILROAP 


“F" MODERN ATLANTIC TYPE STEAM LOCOMOTIVE, CYLINDERS 22"*26, BOILER 
PRESSURE 2OSLBS, SUPERHEAT, EQUIVALENT HEATING SURFACE 3690 SQ FT,BALDWIN 
LOCOMOTIVE WORKS 


“G ELECTRIC LOCOMOTIVE 1913, PASSENGER TYPE, SINGLE PHASE, 15 
CYCLES, SERIES COMPENSATED MOTORS 2, VOLTS 15000, WHEEL 
PLAN 2-10-2, LOETSCHBERG MOUNTAIN RAILWAY, SWITZERLAND. 


“H’ SAME AS"D BUT GEARED FOR FREIGHT WORK 


"I" MODERN ATLANTIC TYPE STEAM LOCOMOTIVE, CYLINDERS 
22°x28) BOILER PRESSURE 200LBS., SUPERHEAT, EQUIVALENT 
HEATING SURFACE 2400 S@ FT.,BALDWIN LOCOMOTIVE WORKS, 
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‘A MODERN ATLANTIC TYPE STEAM LOCOMOTIVE, CYLINDERS 22’ x 267 
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tion of the principal characteristics of electric engines to the 
practical operating requirements. 
Axle Loads. 

A further and most promising opportunity is presented for 
reducing and limiting the present great expenditures incurred 
for Maintenance of Equipment and Maintenance of Way and 
Structures. The necessity for maintaining the rigid wheel base 
within reasonable limits, while meeting the demand for in- 
creased tractive power, has resulted in the imposition of con- 
centrated loads on driving axles, which in modern engines may 
reach 65000 lbs. (29490 ke.) or more. The strength of rails and 
track has not kept pace with the increasing wheel loads, which 
if not unsafe are certainly very costly in construction standards 
and track maintenance. The rule of the Baldwin Locomotive 
Works for safe working limits prescribes weights of 2240 lbs. 
(1016 kg.) on driving wheels for each 10 lbs. (4.5 kg.) of weight 
per lineal yard of rail section, or for maximum axle loads of 
65000 Ibs. (29490 kg.) as above, 145 lbs. (65.8 kg.) rail sections 
are required. Rail sections in excess of 100 lbs. (45.4 kg.) are 
not in common use and for such sections the rule allows but 
44800 Ibs. (20325 ke.) per axle. While the recent development 
of engines of the ‘‘Mallet’’ type permits lighter axle loads for 
equal tractive power, it is not likely that such engines will long 
hold the field against their electric competitor, with their disa- 
bilities of great weight, high machinery friction and costly 
repairs. There is also a pronounced tendency in electric engine 
design to eliminate all reciprocating parts, including connecting 
rods, pins, jack shafts and counterweights in order to reduce 
wheel loads, machinery friction and maintenance charges. 
Multiple Unit Control. 

It is also probable that some form of multiple unit control 
will be developed for the operation of freight trains which will 
relieve and distribute the present excessive strains on draft 
rigging, track and bridges, which will require the equipment 
of freight trains with a system of control circuits. The neces- 
sity for such equipment seems close at hand, in connection with 
similar requirements for electric-pneumatic brake control and 
the growing need for better means of communication through- 
out the great length of modern freight trains. 
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Ideal Characteristics. 

If we may venture to peer into the future sufficiently far to 
predict the development of an effective method of variable 
speed-torque control and of high speed motors of lighter weight 
and greater horse power, the general specifications of the ideal 
electric freight engine assume form and promise results of the 
greatest commercial importance and value. The value of the 
great reduction in train mileage and in maintenance of track 
and equipment which may be secured by the use of engines of 
the following specifications will be appreciated by all practical 
railway men: 


Variable speed-torque control. 
Electric braking and power recuperation, 


Rigid wheel base, not exceeding................ 8’ 0” (2.44 m.) 
Reciprocatin oe palisamrm weitere etercineterieeae None 

NMIMb er ROL Tax les/s. 2 eros reared betters aeictar aoe tee Draft rigging limits 
Weight on driving wheels, per axle.............. 40,000 Ibs. (18,144 kg.) 
Tractive power, 27% adhesion, per axle.......... 10,800 lbs. (4,899 kg.) 
Horse power, continuous, per axle.............. 720-864 (730-876 chev) 
Maximum speed, full traction rating, miles per hr. .25-30 

Horse power, weight on drivers, per ton.......... 36-43 (40.1-48.2 chev) 
Horse power, total engine weight, per ton........ 30-36 (32.5-40.1 chev) 


In the writer’s opinion there are no inherent difficulties 
which would make these seemingly high specifications unat- 
tainable, nor has he any. good reason to doubt that such quali- 
ties will soon be forthcoming should the commercial demand 
for them become insistent. 


ECONOMIC CONDITIONS OF APPLICATION, 


Yield on Investment. 

The first condition of economical electrification is of course 
the requirement that adequate returns shall be earned upon 
invested capital. In the case of new railways it must be as- 
sumed that the yield will be sufficient to justify the necessary 
expenditure for construction upon the most economical basis, 
and if electrical operation is contemplated it will only be neces- 
sary to insure that the additional savings or earnings from oper- 
ation will be at least sufficient to afford a satisfactory return 
upon the additional cost of electric motive power. A greater 
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yield will be required to justify the conversion from steam to 
electric power on railways already fitted for steam operation, 
as in such case the gain must be sufficient to pay interest upon 
both the old and the new investments. In all cases the scale of 
operation must be sufficient to utilize to best advantage the 
large investment in power stations, lines, equipment and roll- 
ing stock, and to secure the largest possible divisor for addi- 
tional fixed charges. ‘‘Railroads must have ten trains each 
way per day or haul 1,000,000 ton miles, total, per 100-mile (161 
km.) division before electrification is practicable.’?— EH. P. 
Bureh. Another writer, H. W. Leonard, fixes the minimum 
requirement at 250 h.p. per mile of track, but there are so many 
modifying factors entering into the problem that no general 
rules can be safely accepted and the equated values of all fac- 
tors must be worked out and established for each particular 
ease. The most favorable conditions for electrification may be 
broadly classified under two general heads, viz: ‘“‘Conditions 
Affecting Earnings’’ and ‘‘Conditions Affecting Expenses”’. 


CONDITIONS AFFECTING EARNINGS. 
Train Frequency and Speed. 

Quite contrary to the generally accepted belief, the effect 
upon earnings is usually of much greater importance and value 
than that upon operating expenses, as both gross and railway 
net earnings may be much more affected by changed conditions 
of service than by mere reductions in operating expense. Light 
trains can be run more cheaply, which not only increases net 
revenues per train mile but permits greater frequency of ser- 
vice, which in turn reacts to increase both the volume of traffic 
and gross earnings. Heavy trains can be run faster, thus gain- 
ing the benefit of the higher rates for such service without 
unduly sacrificing train tonnage and train earnings. 
Acceleration. 

Higher rates of acceleration permit faster schedules in 
local and suburban service, which together with the greater 
safety and comfort afforded, and the relief from annoyances 
and damages incident to smoke, cinders and gases and obscura- 
tion of signals, also tend to increase the volume of traffic and 
the amount of gross and net earnings. 


616 ELECTRIC MOTIVE POWER IN RAILROAD OPERATION 


Competitive Conditions. 

Unfavorable competitive conditions may be equalized or 
reversed and valuable advertising secured which will corres- 
pondingly affect gross and net revenues. 

Multiple Track Levels, etc. 

The adoption of multiple track levels and the commercial 
utilization of aerial rights over the track levels in the larger 
passenger terminals will make the large investment at such 
terminals more efficient and under favorable conditions the 
income from commercial uses may be sufficient to defray the 
greater part of the fixed charges on costly real estate and 
buildings. 

Real Estate and Land Values. 

A change from steam to electrical operation will also re- 
sult in a great advance in the value of real estate along the 
line of route, which unfortunately is not shared by the stock- 
holders contributing the capital for the improvement, and 
which suggests the thought that some portion of the burden 
of expense could be equitably assessed upon the property own- 
ers most benefited thereby. ‘‘ . It would not be wise to 
enact legislation which would compel one class of the publie 
to pay for an improvement which would acerue largely to an- 
other class.’’—Report of Joimt Board on Metropolitan Improve- 
ments to the Massachusetts Legislature, March, 1911. 

Track Capacity. 

A further and most favorable condition for electrification 
is afforded when the limit of track capacity is reached with 
steam operation. The value of the additional track capacity 
gained by faster schedules or by the consolidation of trains is 
always large and often exceeds the total cost of electrification. 
Legislation. 

It should be noted that the necessity for electrification is 
frequently occasioned by compulsory legislation or by the 
physical disabilities of steam operation in tunnels and termin- 
als, quite regardless of the economical aspects. 


CONDITIONS AFFECTING EXPENSES. 
Economic Comparisons. 
All physical and financial comparisons of steam and elec- 
tric operation should be primarily based upon trains of equal 
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number, length and weight moving through the same distance 
in equal times, further subject to only such modifications as 
may result from inherent distinctions and features not 
shared in common. The general failure to observe this rule 
commonly results in faulty and misleading conclusions in 
which ‘‘electrification’’ is usually credited with savings due 
to heavier engines or to better methods of operation, which 
may be equally secured with either steam or electric traction. 
The reduction of operating expenses will be greatest under 
conditions of high traffic density, high train frequency and 
uniform distribution of traffic over time and distance, which 
will afford large divisors for all overhead expenses; improve 
the efficiency of labor and more effectively utilize the capacity 
of power stations and special equipment. 

Train Mileage. 

A large volume of freight traffic affords opportunities for 
utilizing the inherent possibilities of electric traction to best 
advantage, more particularly in conjunction with concentrated 
power requirements, as the saving in train miles and operating 
expenses effected by consolidating the traffic nto fewer and 
heavier trains may readily be larger than that derived from 
any other source. Train tonnage ratings are more frequently 
determined by the requirements of the time schedules than by 
the resistance of the ruling grades and within tractive limits 
such ratings may be increased in almost direct proportion with 
the engine horse power. Also, tonnage ratings based upon 
full traction or adhesion ratings may be readily increased by 
the use of two or more engine units operated by a single crew. 
In either case a large saving in train miles and operating 
expenses should result. 

Assistant Engine Service. 

The higher percentage of available adhesion afforded by 
the uniform rotary torque of the electric engine is not yet as 
fully utilized as it should be, for reasons previously explained, 
but even with the present limitations the existence of mountain 
grades and long inclines requiring the use of heavy road en- 
gines and assistant engines is a favorable condition for elec- 
trification. The extra weight of steam engine and tender 
which is saved may be added to the train rating in the form 
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of commercial tonnage. Fast time schedules increase engine 
mileage and efficiency and also reduce overtime wages. The 
fuel lost by incomplete cylinder expansion and by higher ma- 
chinery friction is saved. Track maintenance is much reduced 
and the cost of maintaining secondary engine terminals is 
avoided. Electric braking and, in less degree, power recupera- 
tion are included among the attractive possibilities of electric 
operation on mountain grades. 

Terminals, Yards and Tunnels. 

The advantages of electric traction in its application to 
large terminal and switching yards or to long tunnels have 
been previously noted, but in the case of large switching yards 
it may be further remarked that the cost of engine fuel will 
frequently not exceed 25% of that required in steam operation 
and that the better control and greater tractive power of such 
engines will reduce the cost of power requirements, which to- 
gether with the longer hours of service, in the writer’s opinion, 
will economically justify the electrification of isolated yards 
of large capacity. 

Length of Division. 

For the most economical results it is necessary that the 
zone of electric operation be extended to cover the full length 
of the engine stage or district and that operation within the 
zone be made homogeneous by the inclusion of all passenger, 
freight and switching service. 

Engine Fuel and Repairs. 

Engine fuel and engine repairs are the two largest specific 
items of expense in the operating accounts of steam railways, 
and apart from the value of train mileage which may be saved 
under some conditions or the effect upon gross and net earn- 
ings by changed conditions of operation, the possible reduc- 
tions in these two items will in most cases determine the com- 
mercial feasibility of electric operation. A erude “‘rule of 
thumb’’ sometimes used by the writer for quick approxima- 
tions, assumes that the fixed charges of an electric installation 
should not exceed one half of the cost of steam engine fuel and 
repairs, plus 10%. It is obvious that economic estimates will 
be correspondingly affected by the costs of fuel and that local 
conditions of cheap coal or oil fuel are unfavorable to electri- 
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fication. Such conclusions may be modified or reversed, how- 
ever, by available sources of cheap hydro-electric power or by 
unfavorable water conditions, including scanty or expensive 
sources of supply or by scaling and foaming boiler waters, so 
frequently encountered on western roads. In general, the cost 
of steam generated electric power with coal at $1.00 to $1.50 
per ton compares more favorably with hydro-electric power 
than is appreciated, more particularly when cheaper or uncom- 
mercial grades of coal can be burned under the boilers at the 
power station. The commercial efficiency of the coal used at 
power stations as compared with the coal consumed in steam 
engines is relatively very high, although burdened with large 
transmission and conversion losses. The ratios vary in differ- 
ent classes and conditions of service, but as ascertained by ex- 
perience on the New Haven Road the ratio in passenger service 
is approximately 1 to 2; in freight service 1 to 2% and in 
switching service 1 to 3. 

Relative and absolute quantities of coal consumed in dif- 
ferent classes of electric service in pounds per 1000 ton miles, 
(1460 ton-km.) were as follows: 


June, 1914 Lbs. 

BASSO MO CE MOXPLCSS | tel « «lores iysisueldRetetae si -t- 95.1 ( 43.2 kg.) 
oe IOC a enaas one coas ga0boo8beS O50 Ges Sto mom) 
Oct.-Nov., 1914 

TRIGA. Serine poo GeO cee OCd OHDOT CObn OC 72.8 ( 33.0 kg.) 

ie SLO Wig eee (esoe sas, Scien ake eet ol aaveteh kee HO (C SHG OS 
oe IGOHIE Cae mentee aio ne oa.da pers 186.1 ( 84.4 ‘* ) 

Switch engines, per hour.............-..- 831.0 (150.1 “* ) 


Similar comparisons of the cost of engine repairs in the 
same service are not satisfactory on account of abnormal local 
conditions, but in general it may be safely assumed that under 
normal conditions the cost of repairs per engine mile will not 
vary between one third and one half of the cost in similar 
steam service. The saving is of course still greater with bad 
water conditions. The application of these large ratios to the 
great cost of fuel and engine repairs may be expected to afford 
large operating credits applying on new fixed charges incurred. 
The effect of the many minor factors previously noted upon 
the cost of operation, while important, forms so small a factor 
in the final result that a further analysis need not be attempted. 
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CONCLUSION. 


A comprehensive review of the results already obtained 
and of the attractive possibilities indicated by the experience 
of later years, leads to the conclusion that the field in which 
electric traction may be profitably applied is much larger than 
generally understood, and that there are many existing op- 
portunities for capital investments upon a large scale which 
will earn from ten to twenty percent with reasonable certainty. 
While the art is not yet fully developed in some applications, 
in many others all present practical requirements may be met 
with added advantages of great value and profit, and there is 
consequently little reason to doubt a continued development 
and further expansion in the field of electric traction as soon 
as the financial and legislative conditions permit. 

A few typical views showing different phases of practical 
electric traction, together with an extreme example of steam 
traction, are added for their general interest. 
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DISCUSSION 


Mr. H. J. Kennedy, referring to the author’s statement, ‘‘The first 
commercially practical engines of this kind were operated by the Baltimore 
& Ohio Railroad through its Baltimore tunnel in 1905; only a few months 
later than the initiation of electrical service on the Nantasket Beach line 
above mentioned,’’ noted an error and said that three of the five locomo- 
tives were purchased in 1894 and were of about 1000 hp.; these were, he 
believed, taken out of service in 1910 or 1911. The other two were pur- 
chased in 1903 and were of 160 tons each. 

He then pointed out the following from the paper as one probable ex- 
planation why companies are holding back in electrification of their sys- 
tems: ‘‘Another factor which undoubtedly exercises a deterrent effect 
upon the more rapid adoption of electric traction is the number and di- 
versity of types now under trial, together with the yet unsettled opinions 
of the specialists in this field.’? Two experiments along this line are (1) 
the 3000-volt installation on the Chicago, Milwaukee & Puget Sound Ry. 
and (2) the single-phase three-phase system on the Norfolk & Western Ry. 

The reference to the mercury-vapor converter experiments, the speaker 
thought, refers to a locomotive experimented with on the N. Y., N. H. & 
H. R. R. 


Mr. W. J. Davis, Jr.,* Mem. A. I. E. E., said that power companies cau 
afford to give a very low price on power due to the very low load factor. 
This has been done on the C. M. & P. 8. Ry., where power has been pur- 
chased for 0.6 cent per kw-hr. Some companies have offered power at the 
low rate of 0.5 cent per kw-hr. This is possible because the high load 
factor of extensive power companies will give them a chance to absorb 
heavy loads carried by mountain electrifications. Cost is the controlling 
factor, whether the railroad makes or buys its power. 


Mr. G. M. Haton,; Mem. A. I. E. E. (by letter), called attention to the 
author’s reference to the practice of working electric switching locomo- 
tives in yards continuously, in one case for 30 days without attention. If 
this practice is economy, it is so in spite of the heavy maintenance charges 
that are sure to be eventually incurred. Incipient failures are usually 
easily detected, and a comparatively small amount of attention in the 
early stages of deterioration will place the equipment in first-class con- 
dition. 

The same principle is involved in connection with annual overhauling, 
to which the author refers on page 606. If the margin in favor of elec- 
trification of a steam road is so narrow that the estimated expense of an 
annual overhaul of the electric locomotive has an appreciable influence in 
deciding whether to electrify or not, then continue steam operation. Hav- 
ing actually electrified, the conservative practice is to overhaul annually 


* Pacific Coast Engineer, General Electric Co., San Francisco, Calif. 
+ Eng., Railway Division, Westinghouse Elec. & Mfg. Oo., East Pittsburgh, Pa. 
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for a few years, and after finding the overhaul actually useless, extend the 
overhauling period gradually till the logical period is determined. 

The author refers to the high adhesion possible with electrie locomo- 
tives. This high adhesion must be reckoned with in proportioning the 
parts to insure sufficient strength. It is, however, necessary to advance 
slowly in guaranteeing to make use of this high adhesion in actually 
pulling trains on mountain grades. The rail conditions are very varied, 
and data are yet incomplete on the maximum safe pulling adhesion of an 
electric locomotive. 

The theoretical ability of the electric locomotive to start heavier 
trains than a steam locomotive of equal adhesive weight undoubtedly 
exists, and a certain amount of progress may be looked for in capitalizing 
this feature. 

Referring to the heading ‘‘ Diversity of Types,’’ railroad electrification 
shares with other large problems the advantage of different possible solu- 
tions. It has been conclusively proved that various systems possessed 
sufficient advantage over steam to justify the expense of electrification. 
The ultimate best electrification will never be attained as long as there 
are men striving for improvement. 

The steam locomotive has advanced more in the last ten years than at 
any other equal period in its history, and electric locomotives and railway 
electrification may confidently be expected to advance greatly year by 
year. 

Reference is made to the increasing complexity of system. In this con- 
nection it is very interesting to note that the first trunk-line locomotives 
built by the Baldwin Westinghouse interests are the most complicated 


they have ever turned out, being designed for A.C.—D.C. operation. In | 


spite of their complexity, however, the locomotives are now in their tenth 
year of successful service. 

The author also refers to the demand for more highly specialized and 
better paid labor, presumably as compared with steam locomotives. When 
a steam railroad is electrified, the senior steam engineers quite generally 
select the electric runs. They are, as a class, ambitious to master the ma- 
chines, and prove themselves capable of doing so. Very thoroughly or- 
ganized instruction is always necessary, and no man can be a competent 
steam man today and an expert operator of an electric locomotive tomor- 
row without painstaking study. The point remains, however, that it is not 
a different class of labor, but the same individuals who operate the electric 
motive power. 

In connection with multiple-unit control, consideration was given seven 
or eight years ago to the feasibility of hanging a control cable to cars in- 
tervening between locomotives in a long freight train. 

If one could imagine the adoption of a standard control train line, it 
might be legislated into existence as a necessary part of freight car equip- 
ment. The whistle and shock method of control, with a locomotive that 
can hang at a standstill for one minute, seem, however, to be too success- 
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ful to warrant the expenditure involved in a more complicated system. 
This is true even where mountainous country confuses the whistle alone 
because of echoes. 

The variable-speed torque control, referred to in the paper, is an ideal 
which has been earnestly sought. Every known type of mechanical and 
other speed-changing device has been investigated, only to find some pro- 
hibitive feature, such as cost, weight, space, or maintenance, etc. This 
search is still active, and when it is successful, the cause of railroad elec- 
trification will receive a great impetus. 

Mr. Kennedy was correct in his opinion that the mereury-vapor con- 
verter experiment was conducted on the N. Y., N. H. & H. R. R. 

It must be realized, however, that this adaptation of the single-phase 
system is at present entirely in the experimental stage, and while the re- 
sults of the experiments made are very gratifying, no estimate of the 
time when it will become commercial can be attempted. 

Regeneration is not economical unless you have a load to absorb the 
regenerated power; this in some cases has been taken up by rheostats, 
However, the great gain is in the safe and automatic control and the 
saving in the wear of brake shoes and tires; also in the elimination of 
brake-shoe dust. 


Mr. Paul Lebenbaum,* Mem. A. I. E. E., said that Mr. Eaton was very 
conservative in speaking of regeneration of power, for regeneration is a 
great argument in favor of electric power, as on a steam road it cannot be 
accomplished. 


Mr. H. Y. Hall,** Mem. A. I. E. E., said that the reason why the 
power companies are not furnishing the railroads with power lies in the 
fact that the power companies will not give a reasonable rate, together 
with continuity of service. 


Mr. A. H. Babcock,*** Mem. A. J. E. E., said that on the Southern Pa- 
cific electric lines the engineers’ seniority controls the selection of runs. 
If a steam man wishes to have an electric run and has the seniority to en- 
force his desires, he first attends a school of instruction, and, after quali- 
fying, he can ‘‘bump’’ any man with less seniority than his out of a run 
and take it for his own. 

As a rule the steam engineers qualify without difficulty, but while they 
learn easily they are apt to forget easily, because, having much less to do 
than when on steam locomotives, their minds are not so actively employed 
and, consequently, from time to time reinstruction is necessary. 

With reference to Mr. Eaton’s question in regard to multiple operation 
of steam locomotives: It is the practice on the Sierra Nevada grades to 
place locomotives about thirty car lengths apart, this being approximately 
the maximum distance whistle signals can be heard distinctly in the snow- 

* Blectrical Engineer, Portland, Eugene & Eastern Ry., Portland, Oregon. 


** Consulting Engineer, San Francisco, Calif. 
*** Consulting Electrical Engineer, Southern Pacific Co., San Francisco, Calif. 
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sheds. When the head man is ready to leave a station he whistles to the 
rear man, who answers, and then pushes up all the slack he can until he 
comes to a standstill with his throttle open; the head man then moves 
ahead, and when he has pulled out enough slack to relieve the rear man, 
the train moves out. In coming to a stop the reverse procedure is used— 
the head man shuts off and when the rear man finds be can go no further 
he shuts off too. Often, in the handling of heavy trainloads in this man- 
ner, the engines will stand three or four minutes against the load with 
the throttle open nearly to the slipping point of the wheels. 

In the study of any mountain or other main-line electrification, a com- 
parison of many points of view is necessary before conclusions can be 
reached with respect to the most economical method. Two of the elements 
entering into this problem are popularly very much misunderstood. The 
first is the factor of regeneration of power on descending grades. The 
actual power return by any such system is of extremely small importance 
as compared with the advantages secured in other directions, namely, 
better control of the train on heavy grades and a diminished heating of 
wheels and axles, and consequent accidents arising therefrom. 

The other point is the effect on any such problem of alleged very cheap 
water power. In many eases if the power were delivered free to the loco- 
motives, it would not change in any material degree the economic problem 
of electrification. Furthermore, it makes practically no difference in the 
problem whether the power is purchased from a power company or whether 
it is developed in plants owned by the railroad company, for the very 
simple reason that a change in ownership of power sources cannot change 
the load factor of the railroad. In other words, the fixed charges must be 
paid by someone in the beginning, and always, eventually, by the con- 
sumer. 

And, finally, the much discussed diversity factor does not affect this 
problem materially, because the railroads by no possibility can change 
the flow of their passengers or freight with respect to time of day or 
season of the year, and the peak loads must come when they will, not 
always as is desired. Therefore, any source of power suitable for railroad 
use in any serious problem must contemplate the handling of maximum 
demands at any time. 

The railroad companies are not opposed to electrification in itself, but 
people with power to sell, or machinery to sell, or both, who have urged 
upon the railroads so forcibly consideration of electric methods, as yet 
undeveloped and to be financed, give, in support of their views such ex- 
travagant claims for economies that the railroad companies conserva- 
tively are asking for very complete demonstrations before risking large 
sums of money in such improvements. As far as can be ascertained, no 
railroad company is opposed to real economies, and many of them open 
freely their financial and statistical records to all competent students in 
order that they may be shown where such economies can be found. And 
it is significant that those engineers in this country who have made the 
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most extensive study of the problem are the least enthusiastic as to im- 
mediate electrification in general. 

Mr. Howard Stillman,; Mem. Am. Soc. M. E., coneurred with Mr. 
Babcock that it is impossible for power companies at the present time to 
assume the necessary peak load caused by blockades. 


Mr. BE. H. McHenry, in closing, accepted Mr. Kennedy’s corrections, 
as the date of initial operation of electric service through the Baltimore 
Tunnel was erroneously given as 1905, instead of 1895; and also as the 
author had not been advised that any of the earlier engines had been 
taken out of service. 

Referring to the comments by Mr. G. M. Eaton, the author said that 
in referring to the continuous operation of electric switching engines for 
thirty days or more, it was not intended to imply that this was good 
practice, but rather as indicative of the comparatively small amount of 
attention required by electrie engines, as compared with steam locomo- 
tive engines; nor was it thought that the cost incurred in the general 
overhauling of engines could be escaped, but that the time interval be- 
tween general repairs would be increased and possibly wholly obviated 
by current ‘‘running repairs’’. The ability to quickly replace damaged 
motors, transformers and other large parts without taking the engine out 
of service for long intervals of time makes this at least possible. 

The author’s reference to the utilization of a higher percentage of 
adhesion has apparently been misunderstood, as the uniform rotary torque 
of the electric motor makes it possible to obtain 20% more effective adhe- 
sion within the present maximum limit in steam service, which is reached 
four times in each revolution, with the uneven angular moments of crank- 
driven axles. The author referred more particularly to the complexity 
of electric systems, rather than to that of electric engines, which must 
be considered self-evident; and in his reference to the demand for more 
highly specialized and better paid labor, had more particularly in mind 
the additional requirements imposed by the maintenance and operation 
of power houses and of the transmission and distributing systems. No 
necessity has been found in practice for better paid or more intelligent 
labor in operating electric locomotives than is already afforded by the 
present steam engineers, when specially instructed. 

It is the author’s belief that the variable speed-torque control is much 
closer at hand than realized, as such possibilities in connection with the 
further development of field speed-torque control are quite promising. 
The economic value of regenerated power was at first much overvalued, 
but there has been of late a tendency to go to the opposite extreme. 
Quite apart from the incidental considerations mentioned by Mr. Kennedy, 
the commercial value of regenerated power may be very large, as it in- 
creases very rapidly with rate of grade, length of incline, density of traffic 
and length of route. 

Regarding the comparative value of steam and water power, as noted 
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by Mr. A. H. Babcock, ‘‘it makes practically no difference in the problem 
whether the power is purchased from a power company or whether it is 
developed at plants owned by the railroad company’’; but as the first 
case is usually associated with long-distance transmission, more particu- 
larly in the utilization of hydroelectric power, there is frequently a differ- 
ence in fact, due to the serious effect upon transmission charges and 
transmission losses under conditions of fluctuating load. 

The author also finds it difficult to accept the statement that ‘‘ Rail- 
roads by no possibility can change the flow of their passengers or freight 
with respect to time of day or season of the year, and the peak loads 
must come when they will, not always as desired’’, as it is quite evident 
that the track capacity in large measure fixes a maximum limit, which 
automatically tends to avoid high peak loads by distributing the power 
demand over more time during hours of maximum traffic, and much more 
can be done in the same direction in fixing time schedules and dispateh- 
ing trains. | 
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